AD-A075  306  TRANSPORTATION  SYSTEMS  CENTER  CAMBRIDGE  MA  F/G  17/2 

NATIONAL  VOICE  RESPONSE  SYSTEM  (VRS)  IMPLEMENTATION  PLAN  ALTERN— ETC(U) 
JUL  79  M  MEDEIROS  t  I  EN6LANDER  »  H  GLYNN 
UNCLASSIFIED  TSC-FAA-79-15  FAA-RD-79-85  NL 


NATIONAL  VOICE  RESPONSE  SYSTEM  (VRS) 
IMPLEMENTATION  PLAN  ALTERNATIVES  STUDY 


U.S.  DEPARTMENT  OF  TRANSPORTATION 
RESEARCH  AND  SPFCIAl  PROGRAMS  ADMINISTRATION 
Transportation  Systems  Center 
Cambridge  MA  02142 


JULY  1979 
FINAL  REPORT 


'D  D  C 

rnpiBEnaiii 

lyi  OCT  21!  1979 


UltetoiLitnr 

E 


DOCUMINT  It  AVAILAtl  I  TO  THI  PUtllC 
TMMOVOM  THI  NATIO«Al  TtCMMlCAl 
INTOAUATIOH  It  AVICI  IMIHOIIIIO 
VIMOINIA  JJ1»I 


TOTS  DfnVTT  Tr  °“~T  3"**  TTT  TTA^TT 


THE  WT  rptfT.wr  -p'  STAINED  A 

3J0NiriCWiT FKICHDOHH 

rsprcduce  LFntBLT. 


Prepared  for 


U.S.  DEPARTMENT  OF  TRANSPORTATION 
FEOERAL  AVIATION  ADMINISTRATION 
Systems  Research  and  Development  Service 
Washington  DC  20591 

79  22  19  004 


NOTICE 


Th i •»  document  is  disseminated  under  the  sponsorship 
of  the  Department  of  Transportation  in  the  interest 
of  information  exchange.  The  United  States  Govern¬ 
ment  assumes  no  liability  for  its  contents  or  use 
thereof. 


NOTICE 

The  United  States  Government  does  not  endorse  pro 
ducts  or  manufacturers.  Trade  or  manufacturers' 
names  appear  herein  solely  because  they  are  con¬ 
sidered  essential  to  the  object  of  this  report. 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DDC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


L 


Technical  Kiftil  Documentation  Page 


tTlONAL  JJpICE  RESPONSE  ; 
IPLEMENTATION  fLAN  £LTEI 


STEM  (VRS) 
iATIVES jfTlIDY* 


If. /Medeiros,  I .  /Knglrndcr ,  H./clvnn 


■1 .  jR  1  c  luirds.  J./S  icons 


•  ••*  U«.i  x.  (Tamil 
PA931/R91 10 


U.S.  Department  of  Transportation 
Research  and  Special  Programs  Adml 
Transportation  Systems  Center 
Cambridge  HA  02142 


1  W**lu  If  *f«"i  t  Null  III  iS-IH 

U.S.  Department  of  Transportation 
Federal  Aviation  Administration 
Systems  Research  and  Development  Service 
Washington  DC  20591 


This  study  examines  the  alternatives  available  to  implement  a  national  Voice 
Response  System  (VRS)  for  autostated  preflight  weather  briefings  and  flight  plan 
filing.  Four  major  hardware  configurations  arc  discussed.  A  computerized  analysis 
model  was  developed  and  used  to  determine  relative  merits,  costs,  and  sensitivities 
of  key  factors  such  as  centralized  vs.  decentralized  networks,  demand  levels, 
average  call  duration,  partial  Implementation,  fall-soft  operstlons,  WATS  vs.  FX 
telephone  service.  VRS  channel  sizing  and  projected  demand  growth. 


The  study  shows  that  excessive  communication  costs  predominated  the  centralized 
configuration  alternatives.  The  minimum  cost  system,  which  Is  also  the  recommended 
one,  is  a  distributed  processor  configuration  with  20  Data  Rase  Processor  sites 
and  1 14  VRS  sites.  , 
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The  Federal  Aviation  Administration  (F  A  A)  is  currently 
lapleaentlnq  a  urcgraa  to  aodetnize  and  automat*  the 
Flight  Service  Station  (FSS)  systea  through  the 
application  of  high-speed  data  coaaunicati ons  and 
coaauter  processing  tochnigues.  The  new  systea  is 
called  the  Flight  Service  Autoaation  Systea  (PSAS)  and 
will  incorporate  the  concept  of  Direct  Oser  Access 
which  allows  the  pilot  to  directly  coaaunicate  with  the 
aeronautical  and  weather  data  base. 


One  concept  under  consideration  for  Direct  Oser  Access 
is  the  use  of  a  coaputer-qenerated  voice  response 
systea  (VFS)  tor  d issea inatinq  weather  products  and 
filing  flight  Plans.  The  report  presented  herein  was 
prepared  by  the  Office  of  Air  and  Narine  Svsteas  of  the 
Transportation  System,  Center  (ISC)  for  tho  FAA.  It 
presents  the  results  of  a  study  perfornod  by  TSC  to 
define  the  national  tfi S  operational  need3  and  to 
provide  design  alternatives  with  respect  to  cost  and 
service  for  ispleaentinq  the  VPS  Diroct  Usor  Access 
Concent  in  the  FSAS. 
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T h id  itdjv  vas  con ius ioaed  to  cxoaine  the  alternatives 
available  to  pursue  a  national  iapleaentation  of  an 
autoaateJ  prel light  brief  loo  Voice  Response  Srstea 
I Vp 3|  plan  fot  Flight  Service  Station  (FSS)  Autonation. 
In  order  to  oh  is*  this  study  vith  the  nodel  X  FSS 
autoaatioa  develop non t.  the  study  vas  scoped  to  be 
condoled  within  sii  aonths.  Initially,  VES  functional 
reuulroaents  vere  developed  and  user  deaaod  analyzed. 
*his  report  presents  six  national  i apleaenta tion 
alternative  networks.  Four  aaior  hardvare 

con t i jurat  ions  ate  discussed.  A  conputerited  analysis 
nodel  vas  developed  and  used  to  deternine  relative 
aerits,  costs,  and  sensitivities  of  key  factors  such  as 
centralized  versus  decentralized  notvorka,  deaaod 
levels,  average  ca  1 1  duration,  partial  iapleaentation, 
tail-soft  operations,  lonj  distance  telephone  rate 
tariffs.  «A?3  versus  TX  telephone  circuit  approaches, 
VIS  channel  sizinj  and  prolected  deaaod  qroatb  affects. 

Tho  study  shoved  that  excessive  coaaunication  costs 
nredoainated  the  centralized  configuration 

alternatives.  The  study  recoaaended  that  the 
reuuireacnt  for  voice  recogaition  capability  be  waived 
in  the  initial  iapleaentation  due  to  hiqh  equipaent 
costs.  The  availability  of  econoaical  toae  input 
equiuaent  provides  a  reliable  input  capability  for  the 
functions  required.  The  resulting  ainiaua  coat  avstea 
based  upon  a  ten-year  equlpaer.t  aaortization  and 
lacluJinj  coaaunication,  operational  and  aaintcnance 
costs  was  a  decentralized,  distributed  processor 
conf i jurat  ion  with  20  Data  Base  Processor  (DBPI  sites 
co-locat«.d  with  (cr  integrated  into)  the  PSDPS 
installations  at  the  20  AFTCC's  and  vith  13*  telephone 
ansverioj  and  servicing  sites  (TBS  sites,  20  of  vhich 
are  at  the  CBP  sitesl.  These  VPS  sites  vould  be 
co-locatel  at  FSS  facilities  and  vould  require  ainiaua 
operator  attention  and  siaole  facility  accoaaodations. 
This  alternative  conf iqurat ioa  proved  to  be  ainiaal  in 
total  svstea  cost  fot  both  FX/TSLPAK  and  FX/ATtT 
rates).  "be  services  to  be  provided  covered  Pilot 
briefinqs.  flight  plan  entry.  FATkAS,  TEl-TKEB  and  TVP8 
function.-,  coaaon  to  today's  FSS's.  The  level  of 
service  deaan  1  qrcvtb  to  1995  examined  shoes  linear 
predictable  consistencies. 

The  concluaicos  and  recoaaenda t ions  support  the  ainiaua 
cost  configuration  for  a  national  v?3  iapleaentation. 
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A  rilct  pretlight  weather  uulnig  is  a  it  essential  part 
of  planning  a  safe  (light.  "he  desire  tor  increased 
capacity.  rapil  access  ard  updating  of  essential 
aviation  weather  products  has  preapted  the  U. I. 
Department  of  T tansportation ,  Federal  Aviation 
Administration  (FAl)  ,  to  emtark  cn  a  prograa  to 
autoeate  the  riilht  Service  stations  through  the 
application  of  high-  speed  data  cctiun ications  and 
computer  processing  techniques.  The  new  system,  called 
the  lliqnt  Service  Automation  System  (F£A3),  will  pe 
established  in  a  time-  phased  development  progtac 
producing  dolel  1.  Sou*  1  z,  and  fodel  ?,  with 
increasing  systems  autcaaticn  and  pilot  self  service 
capaMl  it  v. 

Cut  tuturc  system  -a  chance  meet  considered  fet  PoK-l  3 
implementation  is  the  use  of  a  computer  generated  voice 
response  svstom  (VPS)  rot  disseminating  weather 
products  and  automating  flight  plan  filinq.  Doing  tn« 
adoptive  Differential  Fulse  code  icdulaticn  (A'>?CJ!) 
technique  for  vcice  encoding,  the  Transportation 

vsteas  Center  (TSC),  also  of  the  0.1.  Department  of 
Vranspor  t.»  t  ion,  has  dev.lcptd  such  a  V  «  which  is 
currently  being  publicly  tested  in  the  greater 

Washington  d.c.  area.  Responses  tros  user  pilots  are 

so  positive  th  it  the  !*.A  is  conquering  an  earlier 
implementation  of  an  operational  v*S  teioru  tau  hold  ? 
time  frae*-,  TSC  has  been  asked  bv  the  FAA  to  conduct  a 
National  VRS  . mp le aur ta t  ion  Flan  Alterna* i v*s  rtuly  to 
define  the  VPS  operational  reeds  aad  to  analyze 

rational  VS  systrm  cent  iquraticss.  The 

recommendation  an]  conclusions  or  the  stJdv  will 
Ptovidv  a  basis  (or  the  FAA  tc  establish  its  final 
national  vv<-  i  (pit  went  at  ion  plan. 


*PPW4wb 

Althouqa  aanv  teonical  and  op*  rational  questions  ha  vs 
to  be  addmasal  bo  for*  the  final  national  voice 
response  system  can  be  realized,  this  stuav  is  .ntmdwi 
to  tidress  the’  >a  lot  aspects  in  l  mplemont  ing  i  national 
V.‘  5  capability.  Tec  study  focuses  on  a  number  of 
critical  issues  each  as  the  tost  promising  Vy." 
alternative  configurations  designed  to  satisfy  future 
Pilot  demand,  th-.  potential  communication  networks,  and 
the  associated  cost  trade-offs.  Where  necessary, 
eiped  lent  decision?  and  assumptions  will  be  made  in 
order  to  avoid  eicemsive  eftort  in  details  whies  have 
low  order  effects  on  the  alternative  trade  offs.  '"he 
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stud*  results  produced  should  aid  tho  FAA  in  narroviag 
the  field  of  alternatives  upon  which  their 
i spleaentat ion  plan  can  be  based. 

Prior  to  coaaencing  the  study  effort,  a  survey  of 
current  docueontat ion  relative  to  the  Flight  Service 
Station  (PSS)  autceation  proorae  vas  conducted  to 
gather  applicable  data  tor  consideration  In  this  study. 
Then,  a  nusber  of  parallel  but  related  activities  were 
carried  out.  These  activities  are:  (1)  Functional 
Feguirwaect  Determination.  (?|  Pilot  Briefing  Oeeand 
Forecast  Analysis.  I  ))  VfS  Alternative  Configurations 
Development,  (4)  Coeeumcations  Network  Analysis,  and 
(51  Svstee  Trade-off  Analysis.  Tach  of  these 
activitios  will  be  uddeessed  in  subsequent  sections  in 
this  report.  "ho  last  section  sueearlxcs  the  results 
froe  all  activities  into  a  set  of  conclusions  and 
reco* sen  lot  ions. 


. J  ?3S  Ul «1!1«( 

In  order  to  develop  a  good  understanding  of  the 
operational  functions  involved  in  configurations 
studied  in  this  report,  a  brief  sconarlo  of  pilot 
interactions.  svstea  responses  and  svstes  support 
activities  is  required.  There  are  three  categories  of 
service  envisioned  lor  this  Voice  ’espouse  Svstee 
(V&S).  The  first  is  a  selected  weather.  nrefligbt 
briefing  service.  The  second  is  a  nass  weather 
dissoeruat ion  service  coibinina  the  Pilot  Autosati c 
Telephone  Weather  Answering  Service  (PATWAS)  and 
Transcribed  Weather  Broadcast  Foute  Forecast  (TWIB). 
The  last  is  a  tulephone  flight  Plan  entry  service  based 
upon  uoino  voice  or  push-button  telephone  input  node. 
In  addition  to  these  autoeated  services,  tho  pilot  can 
elect  to  receive  the  services  of  an  FSS  specialist  at 
any  tree.  Although  push-button  and  voice  data  entry 
are  envisioned  in  the  operational  concept.  the  latter 
ontrv  eode  aav  be  limited  in  scope  or  unavailable  until 
voice  recognition  has  becoee  a  cost  competitive  and 
feasible  acle  of  data  enttv. 

let's  wiaiine  in  a  hypothetical  case  the  selected 
weather  service  first.  A  pilot  vould  call  a  coenon 
telephone  nuabur  for  access  to  the  three  services 
discussed  above.  This  nuabet  is  dedicated  to  the 
autoeated  services  and  is  not  the  saae  as  the  local 
Flight  Service  Station  specialist  telephone  nuaber. 
although  it  is  located  at  the  FSS.  The  autoeated 
svstea  will  utilize  as  aanv  lines,  through  a  oocnal 
hunting  telethon*  sarvice,  aa  is  needed  to  satisfy  the 
peak-hour  demand  forecasted  for  the  combined  autoeated 
service  at  the  FSS.  When  the  coatutcr  systea.  located 
at  the  FSS  or  raeotelv.  answers  the  caller,  it  will 
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announce  the  tin©  and  an  introductory  aessaqe  offering 
the  three  services.  The  pilot  selects  the  selected 
weather  preflight  briefing  node  by  enterlnq  the  proper 
voice  or  pur;b-button  coeaand.  The  specific  protocol 
for  selecting  the  weather  products  will  aost  likely 
have  two  nodes,  a  troapted  node  and  a  brief  node.  The 
croaotej  node  is  siaxlaL  to  the  present  VR5 
deaoost rat  ion  systea.  asking  for  each  input  in  voice  or 
tone  fora  as  needed.  This  node.  if  used  with 
Push-button  entry,  will  pereit  the  pilot  to  enter  the 
answers  via  tone  input  as  soon  as  the  proapt  aessaqo 
starts.  This  feature  saves  tine  if  the  pilot 
recognizes  the  request  and  does  not  need  to  hear  it 
throuqh.  The  second  aode,  desiqned  specifically  for 
push-button  entry,  allows  the  pilot  to  enter  in  all  the 
input  data  via  tone  inputs  in  one  sequence,  accordinq 
to  a  specified  protocol.  The  VPS  coaputer  will  then 
couduct  all  the  br let inq  activities  requested  until  it 
requires  further  instructions  cr  offers  additional 
service.  During  cither  of  these  nodes,  special 
interactive  control  tones  associated  with  push-button 
entry  can  bo  used  to  stop  the  briefinq.  repeat,  luap 
ahead,  continue,  or  be  switched  to  an  PSS  specialist, 
'he  selected  weather  products  offered  will  he  the  full 
ranee  of  weather  products  and  HCTAltS  normally  available 
through  the  PS S.  The  scope  of  reporting  points  covered 
by  this  autoaated  systea  will  include  the  continental 
•inited  States  and  aaybe  selected  Canadian,  nezican,  and 
Caribbean  regions.  The  caller  nay  elect  to  eater  a 
flight  plan  following  the  selected  weather  strvice. 

The  noit  category  of  service  exaained  is  the 
“ATbAS/IHro  service.  is  aentiunej  previously,  the 
Pilot  oils  a  local  PSS  special  telephone  nuaber  and  Is 
given  an  introductory  aesuaae.  If  the  pilot  does  not 
select  an  option  within  a  specified  tine  period,  a 
local  PA'tfAS  brioting  is  autonat ically  initiated.  It  a 
local  iATHAS  service  is  not  required,  a  reqional  PATHAS 
briefing  aav  be  i an  leaon ted  as  needed.  The  pilot  a^uld 
be  given  a  fixed  sequence  of  weather  reports  and  NOThHS 
conprising  the  PATH  AS  report.  The  interactive  features 
of  cootrol  would  still  be  availablo  to  the  caller  by 
using  the  special  tone  inputs  associated  with 
uush-button  entry.  Thus,  the  pilot  can  stop,  repeat, 
continue.  etc.,  the  fATWAS  brioting  as  desired.  If  a 
routo-relatu  1  PATH  AS  btiefinq  was  desired  initially, 
the  Pilot  would  select  the  desired  report  by  voice  or 
tone  input  or  if  telephone  service  ooraits  by  dialinq 
the  selaction  nuater.  This  latter  input  technique 
would  count  the  "clicks"  froa  tho  dial.  The 
appropriate  route- rel ated  PATHAS  briefing  aould  be 
Dresonted.  jsing  voice  or  tone  inputs,  the  caller  has 
the  additional  option  of  switching  to  the  selected 
weather  node,  flight  plan  entry  node,  or  specialist. 
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:h*5  T  Hr  tl  service  available  via  telephone  Mould  be 
essentially  the  same  as  PA? HAS  differing  only  in  the 
report  composition.  The  radio  1HIB  service  Mould  be 
implemented  automat ica 11 v  with  the  sequence  of  seqaents 
comprising  the  report  being  continuously  repeated  into 
the  radio  transmitter  for  mass  dissemination. 

The  last  category  of  service  is  flight  plan  entry.  The 
caller  can  select  this  service  using  an  appropriate 
voice  or  tone  input  initially  uheu  the  call  is  made  or 
after  either  the  selected  ueather  or  ’ATHAS/TWEb 
service.  As  in  the  selected  ueather  service,  both  a 
promoted  and  an  unprompted  (i.e. ,  brief)  mode  are 
ofteied.  The  pilot  enters  each  element  of  the  flight 
plan  using  voice  or  push-button  inputs.  The  pilot  Mill 
have  the  capability  of  recalling  tor  editing  purposes 
anv  entry  made  during  the  flight  plan  entry  sequence, 
"ho  Pilot  Mill  also  have  the  option  of  revieeinq  the 
entire  flight  plan  prior  to  commanding  its  submission 
tor  automatic  FSS  ptocessimq.  During  individual  flight 
plan  element  entry,  error  messages  may  be  given  for 
uuknoun  incuts,  missing  lnforaatioa  and  invalid 
entries.  Thu  pilot  can  SMitch  to  an  rSS  specialist  at 
anv  time;  houever.  it  the  pilot  had  not  submitted  the 
fliuht  Plan  for  autoeated  FSS  processing,  the 
specialist  uill  not  have  recall  of  the  flight  plan 
since  this  recall  is  a  separate  function  of  the 
specialist's  automation  system.  that  is,  the  Flight 
Service  Jata  Processing  System  (FSDPS) . 

To  complete  the  operational  overviev  of  these  TPS 
automated  services,  the  support  reguireaeats  must  be 
discussed.  The  aaicr  source  of  ueather  and  aviation 
information  is  through  the  FSD PS  or  Aviation  Heather 
Processor.  This  information  Mill  be  automatically 
orocms.ied  as  encoded  voice  messaqes  ny  these  systems  or 
it  nmcessaiv  bv  separate  Data  Base  Processors. 
Therefore.  all  of  the  messaqes  offered  by  these 
s<u  vices  Mill  be  completely  automatic.  Houever, 
special  messages  can  be  created,  if  needed,  through 
direct  input  to  the  Data  base  Processor  using  keyboard 
input  devices.  The  prolected  vocabulary  in  the 
automatic  voice  generating  sutsystea  is  designed  to 
supply  sufficient  dictionary  for  this  capability. 

As  mentioned  in  several  previous  paragraphs,  FSS 
specialist  support  is  available  ic  conlunction  uith  the 
automated  services.  This  support  is  supplied  by  the 
local  FSS  associated  uith  the  pilot's  local  area  (i.e., 
the  called  cichange).  This  FSS  uould  be  equipped  uith 
an  eitensloa  for  each  line  connected  to  the  TRS 
computer.  Uhen  the  pilot  rmquests  the  specialist's 
service,  the  computer  Mill  signal  the  specialist  and 
transfer  the  call  accordingly.  The  caller  Mill  then 
hold  until  serviced  bv  the  specialist.  Ho  further 


autoaation  service  is  offered  t h«  pilot  oscs  be  is 
traasfered  to  tbs  specialist. 


’•»  in  imu 

Tbs  svstea  concept  described  in  this  section  bsa  been 
derived  free  tbe  results  of  this  study.  Tbe 
descriotlon  is  presented  in  this  introdsetory  chapter 
la  order  to  aid  in  understanding  tbe  alternative 
analysis  presented  in  tbe  subsequent  chapters. 

The  ViS  concept  is  based  upon  diqital  encodisq  sebeses 
to  store  kuaan  utterances  in  a  coapact  fore  within  a 
diqital  cosputer  systea  Cor  later  recall,  decodiaq  and 
voicinq  by  tbe  systea.  Tbe  future  equipaeat  needed  to 
iaolesent  a  aatlonal  Voice  response  Systea  sill  vary 
froa  tbe  csrrent  barduace  in  specific  detail,  but 
conceptually  will  be  sisilar  io  iaforsetioe  prooessinq 
function.  Based  upon  the  results  of  this  study,  tbe 
cose unicat loss  costs  were  found  to  be  biqher  for 
centreliied  equipeent  configurations  then  for 
decentrslized  networks.  The  eost  proaisinq 

alternatives  involved  distributing  hardware  throughout 
the  nation.  Two  types  of  hardware  subsrutees  evolved. 
The  first  ves  a  Data  Base  Processor  (Dr?)  end  the  other 
was  a  voice  response  Systea  |VBS)  Processor.  The 
processing  anl  flow  of  inforsation  betveen  these 
subsvsteas  aust  be  eiaained  to  understand  thsir  roles. 

The  DBP  subsystes  was  assigned  the  role  of  converting 
rev  weather  and  aviation  iaforeatioa  reports  into 
special  vocabulary  eocoded  assuage  units.  This  rsu 
inforsation  is  obtained  through  the  Model  I/I! 
automation  avaten  froa  the  kviatloe  Heather  Processor 
(AH Pi  and  other  PSDFS's.  The  encoded  eesseqe  waits  ere 
stored  on  DBP  peripheral  storage  devices  (disk  storage 
units!  for  latsr  access  and  trsnsaission  to  VIS 
processor  subsystess  when  requested.  This  rsal*tiso 
conversion  ef  raw  Inforsation  to  vocsbalscy  encoded 
lnforeation  is  a  substantial  prooessinq  task.  Tbe  DBP 
is  therafote  positioned  tore  centralised  thee  the  VIS 
processor  subsystems  which  ieteract  with  tbe 
oilot s/cal lers  aad  per fora  the  various  telephone  and 
voice  input  and  output  tasks.  Tbe  isforastioa  desired 
bv  tbe  oilots  is  requestsd  of  tbs  Vis  processor  by 
voics  or  tons  input.  Tbs  VPS  processor  thus  passes  tbe 
request  to  tbs  DBP  aubsvstss  through  s  dsdiented 
inter-coaoutet  cosssuaicatios  line.  The  vocabulary 
codes  srs  returned  to  tbe  VPS  processor  vhicb  thee  uses 
tbsse  codas  to  access  tbs  digital  fora  of  tbs 
associated  utterances.  Tbe  digital  utterance  date  is 
converted  to  aaaloq  fora  to  voice  the  sord  or  words 
through  the  voice  generation  device  associated  with  the 
VIS  processor.  The  digital  utterance  date  is  storsd 


1-5 


within  the  V  '  processor  subsystem  and  only  the 
identifying  vocabulary  codes  art  scot  over  the 
inter  coaputti  communication  lines  to  minimize  the  clow 
o i  infotsaticn  between  the  two  processors. 

The  functions  described  above  encompass  the  selected 
weather  as  well  as  the  PkUik*/r  UKB  services.  -he 
regaining  set vet  to  ho  discussed  is  flight  plan  entry, 
.•his  service  i;i  lapleaentwd  withir  the  functions  cf  the 
OBJ  subsvstca  with  the  VF.'  processor  serving  only  to 
pass  the  flight  plan  entries  and  responses  between  the 
pilot  and  th.-  Id®.  ’his  assignment  of  task:,  was 
developed  tc  concentrate  tat  sizable  flight  plan  entry 
analysis  and  storage  tasks  in  toe  larqer  DBF  sutsystea 
and  to  reduce  the  ccopleiity  and  associated  costs  of 
the  Vh“  processors  which  are  aore  nua«rcus  in  the 
alternatives  studied. 

This  study  exaalre*  arrangcaents  of  nflP's  and  V: ? 
processors  in  cculunction  with  rlio  associated 
coaaunicat  ion  networks  to  dctoralr.o  cost  and 
pertoraancc  tradeoffs.  A  variety  of  network 
configurations  froa  centralize!  to  decentralized  are 
studied.  *n  addition.  several  alternatives  of  V’ S 
processor  hardware  configurations  are  included  to 
assess  costs  of  partial  service  iapleaontations, 
several  voice  technology  applications  and  different 
vocabulary  storage  devices.  throughout  all  of  these 
alternatives  a  fundamental  ccncwpt  of  failsoft 
Performance  is  presented  as  the  level  of  operational 
reliability  appropriate  tor  this  national 
i ip l«ac ntat i on.  Failsoft  partotaunce  for  this  study  is 
defined  as  the  level  cf  pertoraar.ee  which  continues 
full  operational  services  but  perarts  reduced  capacity 
in  terns  of  th*.  available  caller  telephone  lines  and/or 
response  delays  when  an  wleaent  of  the  system  tails, 
"o  achieve  this  fallsoft  operation,  it  is  sieply 
reuuired  that  no  less  than  twe  similar  subsysteas  be 
co  located  at  a  site.  * t  trio  fails,  the  othar  can 
assuae  soac  of  its  load  in  addition  to  its  own  service 
until  the  failed  unit  is  repaired  or  replaced.  Tuis 
fallsott  approach  vav  perait  less  stringent 
requirements  for  tiaelv  replacement  of  the  failed 
eg u : p so ut  tc  24  hours.  " h  us,  aaintenanca  cocts  can  be 
reduced  below  rates  for  on*  line  ccaputerized  equipment. 
The  fallsoft  concepts  expressed  in  these  altoi.nat.lves 
arc  ossentially  autcaatic  fer  V9S  processor  sites  If  an 
interlaced  telephone  line  hookup  is  employed.  The  DB? 
sites  aay  be  configured  with  autoaatic  switch  over  of 
inter-ccaputet  coaaunicat icn  lines  to  the  active  P8?  or 
aay  be  performed  aacualv  upon  failure  alarm.  If  a 
sdliaafv  concept  is  dwslred,  an  extra  (redundant) 
processor  subsystem  is  required  at  each  procesxor  site, 
'•he  fall  safe  extra  unit  aay  be  on  line  to  share  aoae 
of  th*  service  load  even  when  no  units  have  failed. 
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Such  a  configuration  facilitates  peak  operational 
netfornancc  and  reduces  instantaneous  inpact  of  a 
failed  unit  if  it  should  occur. 

Cne  last  svstea  variable  aust  be  discussed.  All  of  the 
alternative  coaaun ica tion  networks  studied  use  voice 
grade  telephono  lines  for  ainiaua  cost  accept  for  one. 
This  special  case  was  designed  to  evaluate  the  use  of 
digital  coanunicaticn  networks  to  assess  the  costs  of 
reaotino  specific  voice  generation  devices  with  input 
devices  via  high  data  rato  digital  transaission  lines. 
The  fever  digital  lines  reguired  for  this  concept, 
although  individually  sore  expensive,  aar  perait 
reductions  in  processor  site  costs  through  coabined 
hardware  utilization. 


MAUcjui  kps  roKiism  ruiaifs 


The  current  TSC  VPS  operation  in  the  qreater  Washington 
O.C.  area  provides  only  three  weather  products  for  the 
pilot  briefing  function.  A  multitude  of  fliqht  service 
functions  and  svstea  requirements  Mill  have  to  be 
analyzed  and  determined  before  a  nationwide  VFS  could 
be  implemented.  To  this  end,  frequent  aeetinqs  and 
work  sessions  between  TSC  and  the  FAA/Systeas  Research 
and  Development  Service  Mere  conducted  in  which 
preliminary  requirements  were  developed  and  dratted. 
The  functional  requireaents  document  was  transmitted  to 
the  PAA  in  the  beginning  of  the  first  quarter  of  fiscal 
year  1974  (PY74)  and  circulated  aaonq  the  PAA/Air 

Traffic  Sorvice  and  the  FAA/Airwa v  Facilities  Service 
soliciting  comments.  Bv  the  end  of  the  first  quarter 
of  PY79,  the  document  was  approved  with  minor 
mod  if ications. 


voice  Sespgn«e  St***!  ml*  lull  £jP«feliitl 

The  functional  requirements  determination  activity 
concluded  that  a  multi-channel  Direct  User  Access-Voice 
F espouse  System  shall  be  incorporated  in  the  PSAS  to 
provide  the  pilct  and  specialist  users  with 
simultaneous,  non- 1 nte t t ec 1 nq  (independent)  access  to 
weather  brief inq  and  flight  plan  filing  services  using 
nqsfc-button  aqd  laiitt  £0*t«njJ*.  The  VBS  will 
automat icall v  generate  all  messaqes  without  manual 
intervention  except  where  specifically  noted  otherwise 
in  the  requirements  (i.e.,  2.1.2,  para.  C) .  The  VPS 
shall  include: 


e  a  set  of  commands  to  control  the  selection  and 
output  of  the  briefing  such  as:  STOP,  SO,  BEPEAT, 
SKIP.  BEGIN  CV SB ,  SHE.  SPECIALIST,  ROUTE.  LOCAL. 

e  a  natural  sounding  voice  with  appropriate  cadence 
and  inflections. 

e  user  data  entry  editing  capabilities  and  data  entry 
read-back. 

e  a  set  of  time-outs  to  trevent  system  mhesm. 

Described  fcelov  are  the  aa lor  functional  features  for 
the  VPS.  lanv  arm  l£q<3tE4H9*  which  may  require 

intermediate  stages  of  implementation  until  the 
technology  required  to  implement  them  fully  is 
available  commercially  (i.c.,  "of f-the-shmlf") .  For 
example.  flight  plan  filinq  may  initially  be 
implemented  similar  to  a  "fast  file"  capability  then 
expanded  at  a  later  time  to  include  amendments,  status 


inquiries,  and,  in  qeneral,  au  interactive  aode  of 
opt  cation  between  the  user  and  the  VFS.  (NOT^:  "Past 
tile"  is  a  svstea  whereby  a  pilot  files  a  tliqht  plan 
via  telephone  that  is  tape-recorded  and  then 
transcribed  for  t ra nsa ission  to  the  appropriate  air 
traffic  facility  f  Pet.  11). 


2.1.1  rffQUDj  svlvti  dfiil  A&£iill>LlUi)S  -  the  followinq 
rules  and  aasuaptions  were  applied  to  bound  the 
score  of  the  VES  capabilities  and  to  facilitate 
cizing  and  trade-off  analysis: 


A.  No  record  will  be  maintained  within  the  VES 

for  specialist  access  of  any  data 

transactions  between  the  pilot  aod  the  VPS. 
If  any  questions  cone  up  froa  the  user,  the 
user  can  rolay  to  the  specialist  the  data 
that  was  received. 

B.  There  will  be  no  data  edit  position 

dedicated  for  the  VES.  This  assuaes  that 
the  source  data  will  be  error-free  and 
standardized  in  soae  type  of  coapatar 

processable  foraat.  Should  source  data 
require  correction  or  editing,  the 
capability  is  available  at  the  Aviation 
■  oa t an r  Processor  fAWf)  to  edit,  correct  or 
reformat  the  awp  weather  data  base.  The 
type  of  editing  to  the  source  data  that 
needs  to  be  done  for  the  VPS  involves 
garbled,  misspelled,  and  ambiguous  iteas. 
the  VPS  vocabulary  editing  and  upJatinq  will 
be  provided  as  a  separate  feature. 

C.  flight  plans  will  not  be  recallable  through 

the  VES.  The  specialist,  however,  will  be 
able  to  access  all  of  the  functions 

concerning  flight  plans  usinq  the  ,1  od  el  2 
PSAS  services. 

0.  there  will  be  no  recordings  of 

transactions  between  the  user  and  the  VKS. 
This  is  consistent  with  the  current  Pilot 
Autoaatlc  telephone  Weather  Answering 
Service  (PA7WAS)  briefing  aode  of  operation. 
Data  recordings  for  test  and  analysis 
purposes  shall  be  available  as  a  selectable 
opt  ion. 

*.  l roBDted  and  unproarted  user  data  entry 
soles  shall  be  available  for  all  aodes  of 
oner  at  ion. 
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F.  For  tho  purposes  of  this  study,  dll  Vr.S 
sizing  Mill  he  based  on  digitized  voice 
technology  using  ADPCfi. 

G.  All  cost  estiaates  used  in  this  study  are 

based  on  constant  dollars  since  this  study 
is  pnaarilv  concerned  with  relative  costs 
only.  tor  various  alternative 

configurations.  Also,  costs  to  the  pilot 
for  using  tne  VES  including  the  acguisition 
cf  tone-generating  telephones  or  pads  are 
czcluded. 


2-  1  -  fUQSlAsiQil  fCdtJiitfii 


A.  rilai  dnet  jpg  -  The  specialist  and  the 

pilot  shall  have  the  aeaas  to  rotrievo  the 

following  products: 

1.  SdCliKS  “Saik9i  “  Curtace 

weather  observations  include  weather 
eleaents  pertinent  to  flying.  The  types 
of  reports  available  include:  Surface 

Aviation  Weather  Observation  (USA), 

Special  Surface  Weather  Observation 

(SP)  ,  Urgent  Special  Surface  weather 
Observation  (OSD,  and  Suppleaentarv 
Surface  weather  Observation  (SW) .  All 
of  these  reports  are  collectively 

referred  to  as  WSA  reports.  The 
following  data,  if  present  in  the 

report,  will  be  voiced:  location,  tiac 
of  observation.  skv  conditions, 
visibility,  weather  and  obstructions  to 
visibility.  teaperature,  dew  point 
teaperature.  wind  direction,  wind  speed, 
wind  character,  altiaeter  setting,  and 
r«aa  rks. 

2.  Tctaina 1  *  »  teralnal  forecast 

is  a  description  of  the  weather  expected 
at  a  specific  airport.  The  types  of 
reports  available  include:  Teralnal 

Forecast  nessage  (WF'"!  .  WFT  Aaeodaent 
(WFT  AnD,  and  w PT  Correctioc  (WFT  COB). 
All  of  these  weather  report  types  ace 
referred  to  as  wPTs.  The  following 
data.  if  present,  will  be  voiced: 
location,  date/tiae  group,  height  of  sky 
cover,  aaount  of  skv  cover,  visibility, 
weather  and  obstructions  to  visibility, 
surface  wind,  reearks,  and  categorical 
forecast. 
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1.  juJ  (finds  -  The  or  i  J  «ud  forecast 
aessage  (WGF)  consists  of  ouaerically 
derived  upper-aind  and  teapurature 
intoraatlon  in  a  digital  tota.  The  data 
voiced  shall  include:  the  wind  speed, 
vinJ  direction,  and  teaperature  tor  any 
valid  location  identifier  in  the  data 
base.  The  data  Jelivored  shall  be  for 
the  requested  altitude,  the  altitude 
plus  u.000  feet,  and  the  altitude  ainus 
u.OOC  feet  for  a  forecast  interval  of 
0-  Id  ho ur s. 

<*.  No£ie*t  Jt9  AiJCIlO  -  Notice  to  Airaen 
I  NOT  Ah)  advise  of  unant icipated  or 
toaporarv  changes  to  coaponents  of,  ot 
hazards  in  the  National  Airspace  Svstea 
(NAS),  or  peraanent  changes  in  these 
coaponents  or  hazards  until  the 
Pvraanent  base-line  data  (aeronautical 
charts  and/or  publications)  is  aaended. 
The  type*  of  NOTAN  reports  include: 
Flight  Tata  center  (FDC)  NOTANS,  Central 
Altitude  reservation  Facility  (CAFF) 
NOT A  FS,  and  International  NOTANS.  The 
follcving  data  contained  in  the  NOTAN 
aav  be  voiced:  identifier  of 

accountable  station,  serial  auaber, 
location  ot  facility  identifier 
affected.  NCTAN  type,  valid  tiae,  and 
variable  length  teitual  data  describing 
the  specific  service  liaitation  or 
hazard. 

c.  Neatbet  waimoga  -  Heather  warnings  and 
forecasts  advise  pilots  ot  the 

Jovelopaent  of  potentially  hazardous 
veat her.  The  advisories  include: 

Severe  Heather  Forecasts,  Bulletins  and 
Status  Deports  (HU) ,  Hurricane 

Advisories  (HHH) ,  Significant 

Neteoro logical  Inforaatioa  (SIGNET) 
aessage  designated  (WHS),  argent  SIGNET 
(OHS).  Convective  SIGNET  ( HST)  ,  Severe 
Heather  Outlook  nessaqe  (HSO) ,  Airnet 
Nessage  (WWA) ,  and  Alert  Heather  Hatch 
(AHH).  The  following  data  contained  in 
the  reports  aav  be  voiced:  Header 

inforaation.  States  affected, 

alphanuteric  series  identifier  , 
issuance  and  valid  tines,  and  variable 
length  teztual  data. 
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f>.  acimi  tv  Aiiiiilsli  ~  Duns  it  y  altitude  is 
equivalent  to  that  altitude  in  the  U.S. 
Standard  Atsospbere  where  air  density  is 
equal  to  that  ot  the  air  in  question. 
It  is  used  as  an  iudec  to  tell  the  pilot 
ho*  sell  the  plane  will  take  off  or 
clisb.  *he  data  voiced  shall  include 
the  density  altitude,  tesperature,  tine 
and  location  (airport). 

7.  fiitfi  Ssuflil;  iliam  -  *  i*  • 

report  ot  eeteoroloqica 1  (henosena 
encountered  by  aircraft  in  fliqht. 
These  include  both  a  Pilot  Report 
Scssaqe  (BOA),  and  an  Urgent  Pilot 
Report  ( UU  A ) .  The  following  data,  if 
present,  shall  be  voiced:  location  of 

the  phenomena,  type  of  aircraft  ,  sky 
condition,  tesperature,  wind  velocity 
(direction  ari  speed),  turbulence 
(intensity  and  altitude),  icmq 
(intensity,  type  and  altitude)  ,  anu 
iioa  iks. 


0.  Sroaulff  J5I!!31  “  Ihe  synopsis  report  is 


tn  ef 

ska 

test 

at 

of 

frontal  and 

isur  e 

svst 
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and 

circulation 

eras. 
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data 

VO 
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shall  include 
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Zaait 

zai  IfiMi  l>tcl  -  The  7h£B  service 
provides  continucus  aeronautical  aad 
aeteoroloqical  intonation  on  Low  aad 
lellua  Frequencies  and  VOP  (t«tv  High 


Freq  uenev 

CinidirtctioM  1 

^adlo 

Range) 

t  ac  i  1  it  lea. 

lb* 

data 

VO  iced 

sha  11 

incl ude 

t  h« 

Turn 

route 
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idee t if ie t . 

da  te/t  me 

qr  oup. 

route 

lien  t if ic  r 

(a 

ser  i*s 

of  2-5 

alpha 

nusetic  1 

oral  1  on 

lleot 

if lers 

vbich 

uniquely  identify  the  route),  aad 
variable  length  teitual  data  such  as 
intonation  relating  to  synopsis,  flight 
precautions,  route  forecasts,  outlook, 
vinds.  radar  reports,  surface  weather, 
cilot  reports,  and  hOTABS. 

U.  ril9i  A«j9A«Ufi  ItltPfc  9Bi  HMlhl 
Afi«U£189  &9LIiS9  JPAIHAS1  ”  The  rATWAS 
provides  a  continuous  recording 
accessible  bv  telephone  ef  aeronautlcsl 
and  seteorolog  ical  int  onation.  The 
PATH  IS  products  sav  include  such 
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Information  as  uurfnce  observations, 
torninal  forecasts,  Binds  aloft 

forecasts,  synopsis,  weather  earnings, 
anJ  H0TA8S. 

11.  IfiCfti  ttvgikfiC  •  The  data  voiced  shall 

include  a  predefined  set  of  products 

(e.q.,  US*.  nr  T,  isr,  >OTAB  reports) 
eithin  a  proscribed  distance  of  a 
location. 

12.  SoulftEslUfJ  ~  The  data  voiced  shall 

include  a  predefined  set  of  products 

(e.q..  Ml*  «PT.  Mf*  >07*8  reports) 
along  a  corridor  of  a  user-entered  route 
(e.q.  Boston  to  Uashingtoo  D.C.). 

II.  Cth<8i  PtflJUfhS  “  Additional  products 
shall  be  incorporated  into  the  VRS  as 
they  become  available  and  are  found 
suitable  for  voice  output  (e.q.,  Meather 
trend  reports,  tropical  depression 
ad  visor ies) . 

Piliht  Oils  HAQdliBB  “  The  VRS  shall  provide 
for  the  entering,  closing,  anending, 
canceling,  and  status  checking  of  flight 
plan  data.  Acceptance,  relection  or  error 
sessages  shall  be  returned  to  the  TBS  from 
the  flight  Service  lata  Processing  Svstea 
(PSOPS)  which  will  pertors  tne  sa lor  flight 
data  and  error  processing.  Initially,-  this 
flight  data  handlinq  capability  nay  be 
United  to  a  "fast  file"  or  flight  plan 
entry  node  of  operation.  All  types  of 
flight  plans  (e.q..  Instrument  Plight  Rules 
cr«l  .  visual  Flight  Ful^s  (VFR)  ,  ailitary, 
defense)  shall  be  handled  by  the  VRS. 

c.  fAT^As/rnre  JsdAUng  -  The 

V*S  shall  provide  iaaediate  generation  and 
updating  of  aessage  segments  for  PATVAS/ 
TU5B  reports  without  interference  to 
preceding  or  succeeding  sequent!.  The 
process  shall  be  perforned  autoaatically  by 
tnc  VTS  or  aanuallv  by  the  specialist  until 
all  products  become  available.  *11  ifSMfle 

updating  shall  bt  b  MfwsieJ  vithout 
liSIllfiliBO  to  any  callors  currently 
accessir. q  the  svsten. 

■>.  iBice  Vfi£4bJll*0  dAUlABSaCS  *  The  VPS  shall 
provide  for  on-line  and  off-line  vocabulary 
updating  and  aarntenance.  one  function 
shall  be  t ho  capability  to  define  new 
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vocabulaiv  iteas  (i.«.  ,  notls  or  phrases) 
and  aanuallv  qrnecatc  the*.  However,  an 
extensive  vocabulary  shall  be  created 
Initially  bv  one  speaker.  This  vill 
einieize  the  need  to  add  eor  Is  on-line  Minch 
eav  roeult  in  a  nessaqe  conposed  of 
different  voices. 

E.  OstBU  Selection  -  The  user  shall  be  able  to 
obtain  upon  request  to  the  V ” S  a  list  of 
available  products  and  features  including 
instructions  for  selecting  then. 

t.  Sl&lsi  ifqoidlnu  -  The  VFS  shall  provide  as 
an  opticnal  feature  fi.e. ,  the  feature  can 
be  turned  on  or  off)  tine  correlated  data 
rccordmq  on  the  svmtes  purtornance  and 
usage.  The  data  collected  shall  ioolude, 
but  not  he  United  to.  data  to  dutcraine: 

1.  VPS  activity  on  a  per  user,  hourly  and 
daily  basis  (e. q. ,  functions  requested, 
nunber  of  sinultaneous  users). 

2.  the  voice  storage  capacity  required. 

).  tor  each  weather  report  type;  the 
nunbur  of  reports  received,  piocessed 
and  relected.  In  addition,  a  tile  of 
erroneous  reports  shall  be  naintained 
for  subsequent  error  analysis. 


S.  Svsten  i<a£  1<?£MB£*  “  The  VFS  shall  be 

capable  of  MX?l£lB9  S95  ft  ikfi  «J«£lsl 
p^gk-  hour  droits  iJsiqpJ  IB  The  data 

base  shall  be  desrqned  to  Bioils  at  lfflfl  4 
r.s)t  intlUvf  in  each  type  of  data.  The 
svsten  shall  be  capable  of  supportlnq 
additional  conpatlble  harduace  , 

t ncornorat 1 nq  new  products  and  software 
functions,  and  nodifvinq  esistinq  svsten 
nodales.  The  VFS  shall  also  provide 
responso  tines  consistent  with  those  of  the 
node  1  2  svsten  for  the  PSkS.  response 

lilt  is  dftlBftJ  as  tks  Inc  iaicxial  has 
ikea  iks  mm  bmtao  lax  safiiilsau  is 
JspissbiiJ  jib  ill  ibe  Lixsi  aaxiiau  at 
tusuofisi;  xAtaxMstkaa  is  xoceiifd  hi  Us 
UMCa  foe  einnple.  nean  rvnpanse  tines  for 
uner-VPT  internction,  or  wenther  briefinqs 
are  typically  ?t£9Bt)f-  For  fnil-soft 

operations,  the  response  tine  nunbers  shnll 
not  he  Increased  by  a  factor  greater  than  2. 
Appropriate  lessrqrs  to  the  uner  shall  be 
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provided  for  svstea  outages  or  unavailable 
data. 

H.  5r$tv»  JaUatllUJ  *  The  V?S  shall  be 
Jesiqncd  to  9PfUt«  CifiiiB 25  hfiJKS  A 
dAVj  7  slats  A  fStfc.  Fquipaent  redundancy 
aad  switching  shall  proviJe  recovery  froa 
partial  or  total  failures.  Autoaatic 
reconfiguration  is  not  a  requireaent; 
however,  operator  control  procedures  shall 
be  accoarlished  through  fast,  easy 
operations,  such  as  throwing  switches. 
Physically  aoving  eguipsnot  units  and 
aanuallv  interchanging  cables  are  cot 
allowed.  ja*  fliaiialiiiij  gt  ib*  ns  stall 
not  lam  ttas  5*235  and  the  Mean  Tie# 
Between  Pailurcs  (RIBf)  shall  not  be  less 
than  1500  hours.  The  lean  tiae  to  restore 
the  VTS  to  full  operational  capability  in 
the  event  of  failures  that  prevent  the 
svstee  troa  providing  current  weather 
briefings  or  fliaht  plan  filing  shall  have  a 
naan  tiae  of  not  sore  than  2.5  ainutes. 

i.  InttiacSivn  -  The-  y»s  shall 

provide  for  transfer  by  the  U3er  to  an 
attenJed  specialist  position  by  scans  of  a 
rush-button  or  voice  coseand.  Calls  to  the 
specialist  shall  be  assianed  to  a  non-busy 
specialist  on  a  filed  rotational  basis. 


2.2  7tfice  :  VSPOi.  Sv  Slfilsi  11  lb  Initial  tafitail&tjr 

A  »u It i-channr l  v • s  shall  he  incorporated  in  the  rSAS 
providing.  as  a  ainiaua,  the  capabilities  and  products 
currently  unler  deaonstr at  ion  in  the  Washington  D.C. 
area.  These  include: 


A.  A  set  of  coesands  to  control  the  output  of  the 
briefing  fe.g. ,  ST  CP.  CC,  PF.P1AT1  . 

9.  A  natural  sounling  voice  with  appropriate  cadence 
and  inflections. 

C.  deletion  and  chanqc  of  the  latent  entry  by  the 
user.  User  data  entry  read  back. 

D.  A  set  of  t lee-outs  to  prevent  systen  abuse. 

E.  Proarted  and  unproupted  push-button  interaction 
between  the  user  and  the  VRS  tot  the  selection  of 
weather  products  and  services. 
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F.  The  three  weather  products: 

1.  Surface  Ucather  Observations  (WSi) 

2.  Tetainal  Forecasts  (WFT) 

1.  arid  winds  (WJF) 

3.  .lenu  selection  (per  Section  2.1.2.  para.  F) 

H.  Svstea  recording  (per  Section  2.1.2,  para.  F) 

T.  Svstea  pert oraance  (per  Section  2.1.2,  para.  G) 

J.  Cft-lino  voice  vocabulary  updatinq  and  aaintenance. 

K.  'vston  reliability  (nor  Section  2.1.2,  para.  H) 

L.  Specialist  interaction  (pec  Section  2.1.2,  para. 
II 


I  teas  »-D.  F.  II.  and  J  are  currently  part  of  the 
deeonst rat  ion  svstea.  *he  retaining  iteas  are  wither 
easily  inccrcorated  or  Jeeaed  necesaary  (e.q.,  those 
for  pertoraance  and  reliability)  and  shall  be  included 
in  the  initial  system.  ether  capabilities  nay  be 
included  in  the  initial  VPS  specification  if  they  have 
been  thorouihlv  tested  and  founo  acceptable  tor 
i  aplea*  ntat  ion  (e.q.,  voice  recognition,  "fast  file”  of 
fliant  plans).  The  goal  lor  the  initial  system  is  to 
be  able  to  use  the  sane  hardware  and  software  in 
subsequent  eipanniona  and  enhanceeents  for  Rodel  2. 
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Introduction 

In  order  to  support  the  National  VBS  I apleaenta  t  ion 
Alternatives  Study,  a  deaand  aodel  is  esquired.  To 
deterninu  coaaunica tion  line  requireaeots  and  equipaent 
sizing.  the  deaand  aodel  aust  specify  the  peak-hour 
Jeaands  for  the  various  VPS  functions  and  their 
respective  tiae  requi resents.  These  deaand  coaponents 
are  discussed  in  the  follouinq  paragraphs. 


J.  1  Baseliqe  Dea^ng 

forecasted  deaand  data  used  by  the  FA A  for  their  PSAS 
Specification  has  been  transaitted  to  TSC  (Ref.  2). 
Tho  deaand  data,  vhich  is  included  in  this  report  as 
Appendices  A-E,  consists  of  the  follouinq: 


e  FTdt  and  FT95  peak-hour  deaand  forecasts  for  a 
consolidated  114-facilities  systea  (Appendices  A, 
8)  . 

e  FTBfc  and  FY95  peak-hour  deaand  forecasts  for  the  20 
FSOrS's  (Appendices.  C,  PI. 

a  Annual  FY86  deaand  forecasts  for  all  facilitias 
(Appendii  2,  ~ables  E- 1  through  E-201. 

The  rY9'  data  ace  linear  eitr apolat ions  of  the  FT86 
data  and  can  be  found  by  arriving  a  constant  aultiplier 
of  1.4  to  the  FY86  data.  A  constant  aultiplier  of 
0. 00 0286  relates  peak-hour  deaand  to  annual  daaand 

(Ref.  11- 
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The  forecasted  annual  daaands  v«re  derived  fron 
Septeaber  1  976  F A A  forecasts.  The  total  annual 
deaands  forecasted  for  rTB6  uete: 

Pilot  Briefings  -  30.3  aillioa 

Flight  flans  Originated  -  13.4  Billion 

The  above  forecasts  were  updated  using  September 


1977  data 

(Ref.  4). 

The 

results  are 

Pilot 

Briefing  - 

31.4 

nillion 

3-1 


Plight  flan  Oriqinat«d  -  13.1  Billion 

The  tv  is  less  than  a  41  difference  ip  the  two 
forecasts.  Therefore,  the  oriqioal  annual 
forecast  data  will  he  used  for  the  deaand  aodel. 

for  siring  purposes,  peak-hour  deaands  ace 
necessary.  The  peak-hour  deaand  forecasts  were 
obtained  by  sultiplviaa  annual  deaand  forecasts 
bv  0. 000206 .  A  peak-to-a vecage  hour  deaand 
ratio  of  2.  5  was  obtained  froa  the  average  of  7 
lavs  of  data  at  Chicaqo  in  1970.  The  sane  ratio 
for  29  Jays  of  data  at  Washington  C.C.  was 
2.544.  Thus,  a  ratio  ot  2.5  was  considered  a 
good  upproxi aat ion  IFef.  3), 

froa  the  1978  PA*  Indianapolis  PSS  Autoaation 
Evaluation  Study  data  (Ref.  5),  the  averaqe 
neak-to-average  hour  ratio  was  calculated  to  be 
2.40.  PSS  logs  collected  bv  ISC  in  1978  were 
also  used  to  calculate  pea k-to-a vorage  hour 
ratios  for  tour  facilities  with  the  following 
results: 


FSS  FACILITY 

PEAK -TO- AVERAGE 
HOUR 

Denver 

2.13  (3  days) 

St.  Louis 

2.52  (3  daya) 

Boot on 

2.32  (4  dava) 

Dalian 

2.66  (It  daya) 

'his  1478  data  verifier,  analyses  pertoraed  by 
the  1IIPS  Corporation  that  a  peak- to- aver age 
hour  ratio  cf  2.5  is  a  good  approciaatioa. 
'Isinu  this  ratio,  the  peak-hour  to  annual  deaand 
ratio  of  0.000286  can  be  derived  (Fef.  3). 

For  coaaun ici tion  line  reguireaants  and 
eauipaent  sitinq,  the  question  arose  whether 
oeak-houc  deaands  froa  various  tine  zones  are 
additive  if  the  VPS's  are  concentrated  in  a 
saall  nuaber  of  facilities.  Figure  3. 1.1-1 
shows  liucnal  plots  of  pilot  brief inqs  for  the 
four  facilities.  These  figures  reveal  that 
possiblv  a  lOt  reduction  in  peak-hour  deaand  can 


Denver  FSS  (3  Days  of  Data) 


sdn i J3 nit)  itnid  unnoH  amraaAV 
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FIGURE  3. 1.1-1  -  AVERAGE  HOURLY  PILOT  BRIEFINGS 


be  expected  when  adding  ietanis  for  various  tine 
rones.  Howevor,  in  centralized  V  Z  equipment 
configurations,  when  aggregating  tbo  deatnds 
fros  bjiiv  locations,  the  reductions  caused  ty 
tree  zone  differences  Lecones  insignificant. 
For  oxusple,  flTli B  (Ref.  6)  calculated  the 
peak  hour  lesands  at  ?  nub  configurations  and 
the  cuaposite  desand  at  one  central  facility 
located  in  Kansas  city,  SC.  he  pilct  briefing 
lcsanl  at  the  ono  central  facility  was  within  '< 
of  tho  suiaation  of  the  C  hubs*  piict  briefing 
desand. 


vyiv'.  Sytita  iiieli  lasaijJ 

The  VS  product  reguircsents  are  delineated  in  Section 
2.  For  the  purpose  of  a  pilot  aoaand  soda l,  the  V* ” 
boss ages  arc: 

Tilct  L’nefings 
flight  Flan  Filings 
iaiutf 
.  uj  P 

?i  let  Briefings,  Might  flan  Filiaqs,  anl  ?A‘  waC  are 
product.,  which  sill  be  requested  on  thr  saae  telephone 
lines.  therefore,  each  of  these  aeasaqes  has  a 
toncastc  d  pilot  dtaand.  vp.B  "devani"  consists  only 


of  tuc  coaaunication  lines 
t r inssi t  t*r s. 

iron 

the  US 

to 

tho 

F  «.1P 

r. he  data  in  Vcpendicea  c 

and 

show  that 

the 

sa»f- 

pvax-to  average  hour  ratio 

of  :. 

l  applies 

to 

bot  h 

Pilot 

briefings  and  Flight  Plan  Filings.  *t  is  assuacd  Luat 
the  laic  ratio  vill  apply  to  £  AT  8  AS. 

‘.hi  baseline  forecast  JnijM  data  now  has  to  be  applied 
to  the  three  products.  An  analysis  by  the  F  A  A  of  1S7e 
Washington  .t  data  indicated  that  for  every  c,S/8eather 
Service  Offic»  t  ^  ~ )  pilct  briefing,  there  wt re  .8? 
v  >  pilot  briefings  and  1.7b  9  A  X  u  A  c  briefings.  ?ha 

pcatibt  V'S  has  only  three  products.  with  the  addition 
or  aoco  products  and  an  increase  in  pushbutton  phones, 
the  Fit  has  estiiated  that  thr  proportion  ct  VaJ  pilot 
briefings  Mill  increase,  with  a  decrease  in  the 
proportion  ot  FA1 8t>  briefings.  An  overall  national 
average  of  thr  proportion  ot  PATu\.%  and  V,.*  pilot 
briefings  to  rss/8e0  Filot  briefings  in  198*  have  been 
wstiaated  by  t  h  **  F  A  A  tc  be: 


V  .'ilot  Briefings  *  1. 2  X  m/hSC  Pilot  Briefings 
?A*Mr  *  1.2  X  FFS/hSO  Filot  Briefings 


(Although  Che  specialist  workload  is  not  part  of  this 
study.  it  should  be  emphasized  that  with  the 
implementation  of  the  VPS,  the  number  of  FSS/USC  pilot 
brietino  requests  and  average  length  of  the  briefimqs 
will  decrease.) 

The  r*A  has  also  estimated  that  12*  of  fliqht  plans 
will  be  filed  usinq  the  VPS.  On  a  national  basis  for 
FY86.  the  ratio  of  fliqht  plans  filed  to  pilot 
bciefinqs  is  13.4/30.3  or  0.44  (see  Section  3.1.1). 
Thus,  fliqht  plans  tiled  by  the  VFS  can  be  expressed 
as: 


VPS  Fliqht  Plans  Filed  *  (0.12)  (0.44)  PSS/USO 

Pilot  Bciefinqs  (PB's) 

«  0.05  X  FSS/4S0  PB's 

Since  the  VFS  fliqht  plan  filinqs  are  only  21  of  the 
total  demand  (i.e.  ,  .05/2.55),  this  factor  has 

essentially  no  effect  and  has  not  keen  included  in  the 
model  ca leu lat ions. 

Hence,  the  total  VFS  demand  becomes: 

1.2  I  FSS/WS0  PB's  (for  VPS  PB'3) 

♦  1.3  1  fSS/SSQ  £0's  (tor  PATVAS) 

2.5  X  FSS/4S0  PB's 

The  total  VIS  Peat-Hour  Demand  is  as  follows: 


for  FY8b: 


for  FT95: 


2.5  X  9078.0  Feak-Hour  PB's 
(see  Appendix  Cl 

22,t>97  PP'3 

2.5  X  12,784.5  Peak-Hour  PB's 
(see  Appendix  0) 

31.96  1  PB's 


.3  VPS  cqmmuniCdU*)!)  i.SB»*cU90  Xifltf 

In  order  to  determine  the  number  of  communication  lines 
required.  both  the  pilot  demand  and  the  telephone 
connection  tines  are  required.  The  connection  times 
discussed  below  include  user  and  system  protocol 
interaction  times: 


3. 3.1  y  e  s  Eildt  utijiiiug  CfiODi-tt  I  its 


Thu  present  VPS  deaoi.st  cat  ion  system  has  three 
products.  These  are  Surface  Heather 
Observations.  Terminal  Forecasts,  and  Grid  Hinds 
Forecasts.  The  additional  products  to  be  added 
for  pilot  briefinqs  are  Notices  to  Airmen. 
Heather  Harnings,  Density  Altitude,  Pilot 
Reports  and  Synopsis. 

At  the  present  tree,  the  average  VPS  connect 
tiee  is  3.75  ainutes.  If  the  aessaqe  contents 
of  the  additional  products  are  considered,  a 
total  VPS  aessaqe  could  increase  to  15  ainutes. 
T ho  possibility  of  a  15-einute  pilot  briefinq  is 
rather  reaotc  as  discussed  belo«: 


a  Appronaatel  y  a  third  of  the  present  pilot 
briefinq  connect  tine  is  due  to  protocol. 
Shorter  protocol  t iaes  will  exist  in  the 
future  due  tc  user  proficiency  and  chaoqes  to 
the  present  protocol. 

e  Synopsis  is  a  relatively  short  stateaent. 
tor  example,  the  Boston  PATHAS  Synopsis  vis 
15  seconds  on  1-22-79.  Density  Altitude  is  a 
short  stateaent  which  all  users  do  not 
require. 

e  Heather  Harnings  and  riftSFS  only  exist  when 
there  are  potential  hazardous  weather  and 
■cteoroloqical  phenoaena. 


NC'AI''  are 

of 

variable 

length 

aad 

unsche  Ju 1 ed. 

It 

is  assuaed 

that  future 

desiqns  will 
tell  owing : 

have 

either  or 

both  of 

the 

(1)  NCTAP’S  w 

ill 

be  cnterel 

by  order 

or 

pc io  cit  y. 


(?)  The  skip  function  will  be  mechanized  so 
that  individual  NOTA.Vs  can  be  skipped. 

e  As  discussed  in  the  next  section,  the  aweraqe 
TAIHAS  aessaqe  will  be  approximately  6 
ainutes.  Ssseatially,  EATHAS  and  VBS  Pilot 
brief inqs  will  have  the  saae  information. 


Considering  the 
selected  as  a 
for  a  V f 5  pilot 
prod  ucts. 


above,  6.0  ainutes  has  been 
reasonable  averaqe  connect  tiae 
briefinq  of  selected  weather 


J. J.2  V$S/f 47¥A$  Ill* 

Eet.  7  <lives  the  average  aessaqe  length  of 
?  A  T  N  A  S  dutinq  the  Nee  Tort  City  PATNAS  test. 
Tho  overall  weighted  average  aessage  length  was 
5.fc«  ainutes.  Therefore,  appro* iaatel y  6 
ainutes  has  been  selected  for  PATH AS  connect 
tiae.  It  should  be  noted  that  the  overall 
weighted  PAThAS  connect  tiae  during  this  test 
was  1.  IS  ainutes.  Thus,  usinq  6.  J  ainutes 
connect  tiae  is  conservative. 


).  J.  )  US  Ili-ih t  2llU  fiU&fl  i.'£lil££l  IlK 

An  on-going  VRS  Flight  Plan  Filing  ^est  at  the 
National  Aviation  Facilities  EiFcriaental  Center 
fNAFFCI  (Ref.  8)  under  the  nonprompt  mode 
resulted  in  an  average  overall  flight  plan 
filing  tiae  cf  8  ainutes.  Therefore,  3  ainutes 
will  be  used  tor  the  average  connect  tiae  for 
flight  Plan  filing. 


u  PATNA$  *bd  I«E9  ;vCj»i!Sh9 

As  part  of  the  study,  FAT  A’ AS  and  TNFB  outlet  locations 
are  reouirel.  To  oxnedite  the  coaaunica tion  network 
analysis  aolcling  T5L-TNEB  only  locations  are 
considered  the  saae  at  PATNAS  locations.  The 
conterainous  J. S.  FA7NAS  located  at  National  Heather 
Service  facilities  are  assuaed  to  be  located  at  the 
nearest  FSS  within  the  saae  state  for  network  aodoling. 
The  FAINAS  and  T N* B  outlets  wera  obtained  fcoa  the  FAA 
and  are  delineated  in  Tables  3.4-1  and  3.4-2. 
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TABLE  3.4-1 


TWEB  OUTLETS 


New  England  Region 

Western  Region 

Boston,  MA 

Tucson,  K7. 

Montpelier,  VT 

Prescott,  AZ 
Areata,  CA 

Northwest  Region 

Los  Angeles,  CA 
Oakland,  CA 

Boise,  ID 

Red  Bluff,  CA 

Redmond,  OR 

San  Diego,  CA 

Walla  Walla,  WA 

Las  Vegas,  NV 

Seattle,  WA 

Reno,  NV 

Centra  1 _ Region  Southern  Region 


Wichita,  KS 

Mobile,  AI. 

Kansas  City,  MO 

Jacksonville,  FI. 

Springfield,  MO 

Miami ,  EL 

St  .  t.ou  Is,  MO 

Pensacola,  FL 

Jkrrth  Platt  .  ,  NE 

Albany,  GA 

Atlanta,  GA 

Southwest  Region 

Louisville,  KY 

Jackson,  MS 

New  Orleans,  1A 

Albuquerque,  NM 

Nashville,  TN 

Oklahoma  City,  OK 

Fort  Worth,  TX 

Great  Lakes  Region 

Houston,  TX 

Decatur,  1L 

Midland,  TX 

Quincy,  IL 

Chicago,  IL 

Eastern  Region 

Indianapolis,  IN 

South  Bend,  IN 

Washington,  DC 

Hancock  Olouqhtonl.  MI 

Telcrboro,  NT 

Ncgauncc  (Mnrquet  t  e ) , 

Philadelphia,  PA 

Traverse  City,  NI 

Roanoke,  V'A 

Freeland  (Saginaw),  Ml 
Detroit  ,  MI 

Rocky  Mou n t a i n  R ej^i on 

Hlbblng,  MN 

Minneapol is,  MN 

Denver,  CO 

Cleveland,  OH 

Grand  Junction,  CO 

Findlay,  OH 

Billings,  MT 

Columbus,  OH 

Great  Falls.  MT 

Cincinnati,  OH 

Minot,  ND 

la  Crosse,  W1 

Huron,  ND 

Green  Bay,  WT 

Pierre,  SO 

Rapid  City,  ST 

Cedar  City,  'T 

Salt  Lake  City,  IT 

Casper,  WY 

Rock  Spring’ ,  WY 

.Milwaukee,  WI 
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TABU  3.4-2 


PA  TWA  S  OUTLETS  VO  R  VP.S  I  “PI  ENENTATION  STUDY 


New  England  Region 

Boston,  MA 

Sort  hwe »t  Region 

Seattle,  wa  M4 
Portland,  OR 

Central  Region 

Wichita.  KS 
Kansas  City,  M0# 

Spring! leld,  MO 
St  .  Louis,  Mn 
Osn  ha ,  NE 

So ut hwe it  Rc£ 1 on 

Sew  Orleans,  t-A 
Shreveport,  UV  # 

Little  Rock,  AR 
Ok.il  a  hoaa  City,  OK 
Tulsa,  OK 
Dallas,  TX 
Fort  Worth.  TX 
El  Paso.  TX 
Houston,  TX 
Albuquerque,  KM 

Ea  st  ern  R eg  1  on 

•  • 

Washington,  DC 
Teterboro,  XJ 
Millville.  S’ 

Albany,  NY 
Buffalo.  V* 

Isllp,  VY  (NYC) 

Poughkeepsie,  NY 
Philadelphia,  PA 
Harrisburg,  PA 
Pittsburgh,  PA 
Roanoke,  VA 

•Present ly  TT1  -TWKB 
••Presently  PATWAJ  an.!  7Et.-r.TB 
••♦PATWAS  at  National  W.afNer 
Service 


Rocky  Mon n  tain  R eg  ton 

a* 

Denver,  Cg 

Huron,  SD 

Salt  Lake  City,  UT 

'*£.s,-£rn  RpK*on 

Phoenix,  A2 
Tuc  son ,  AZ  4 
Los  Angeles,  CA 
Ontario,  CA 
San  Diego,  JA 
Oakland,  CA 
Us  Vegas,  NV 

Sout he  r  n  R eg  1  on 

Mobile,  AL 
Muscle  Sima  Is,  Ai. 

Bins  Ingham,  AI. 

Jacksonvt 1 le ,  EL 

Miami,  EL 

Orlando,  EL 

Pensacola,  EL 

St.  Petersburg,  EL 

Vcro  Beach,  EL  (West  Palm  Beach) 

Albany,  CA 

Atlanta,  CA 

Louisville,  KY 

.lark son,  MS 

Hlckorv,  SC 

Ra  1  e  1  gh-lXir ham,  SC 

Charleston,  SC 

Elorenie,  SC 

Nashville,  TN 

Memphis,  TS 

Creat  Uk es  Region 

Chicago,  1L 
Indianapolis,  TN 
South  Bend,  IN 
Detroit,  MI# 

Hlbblng,  MS 
Minneapolis,  MN 
Cleveland,  OH 
Columbus,  OH 
Cincinnati,  OH 
Dayton,  Oli 
Milwaukee,  WI 


as 
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4.1  Slatth  Ctf&AiJviaUtfiU 


4.  1.  >  5Jfi>U'#  ZXLIM. JaJDi.fi 

Aa  previously  staled  in  the  functional 
r«.*<i  u  1 c«*  aer.  t  section,  the  V  BS  shall  be  capable  of 
servicing  401  of  the  eipectcd  peak-hour  voice 
demand  in  fTHfc.  The  eipectcd  peat-hour  voice 
dcaan  1  is  baaed  on  prolccted  specialist  pilot 
briefing*  and  fliqht  plan  filing  leaands  ad 
f ollovs: 


DEMANDS  TIMK  DERATION 


VRS  Pilot  Briefing  (PB)  1.2  (FY8f>  PB’a) 

PATWAS  1.3  (FY86  PB’a) 

VRS  Flight  Plan  0.0S  (FY86  PB’a) 

Filing  (FPF) 


6  minute* 

6  minute* 

8  minutes 


The  v"S  shall  provide  response  tines  aot  greater 
than  tne  values  shovn  in  Table  4.  1.  1-  1.  The 
tespoase  tiavd  aie  consistent  vith  those  of  the 
Bodel  2  Svstos  lot  PSAS.  Thov  in  turn  eill 
impact  on  the  design  alternatives  10  terns  of 
viable  aasa  storage  candidates  as  veil  as 
inter  nr oceascr  coaaunication  baud  rates.  Ourinq 
fail-soft  operations,  the  response  tine  nuabets 
shall  not  increase  bv  a  factor  greater  than  2. 
The  fail-soft  operations  requirement  nay 
possihlv  be  achieved  bv  a  oack- up  urates 
conf igurat i on.  Its  response  tine  factor  vill  be 
discussed  in  sore  detail  la  the  Srstes 
Be  liability  Section. 


4.1.2  2l9t««  AtiilJiUUlJ*  flAALtAianbllAilu  Ml 

ivMlMUUi 

A  restatesent  of  the  antes  reliability, 
na i nt ainabi 1  ity ,  and  availability  requirements 
are  in  order  prior  to  discussions  of  their 
considerations.  "The  VRS  shall  be  desiqned  to 
operate  continuously  24  hours  a  lay,  7  days  a 
veek.  vguirsent  redundancy  and  saitchinq  shall 
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provide  r#co vet i  fro*  partial  or  total  failures 
as  a  tall-soft  node  ot  operation.  Automatic 
lecoiui  iui,»t  ion  Is  not  a  requirement;  however, 
operator  control  procedures  shall  be 
accoapl  imbed  throujh  fast,  easy  operations,  such 
as  throwing  switches.  Physically  sowing 
equipment  units  and  sanuallv  interchanging 
cables  are  net  allowed.  The  availability  of  the 
VPS  shall  not  be  less  than  0.995  and  the  (lean 
Use  between  Failures  (flTRH  shall  not  be  less 
than  1500  hours.  The  scan  tise  to  restore  the 
VPS  to  operational  capacity  is  the  event  of 
failures  that  prevent  the  svsten  ftos  providing 
current  weather  brief inqs  or  fliqht  plan  filing 
shall  have  a  sean  tlse  of  not  sore  than  2.5 
sinutes.  " 

In  addition,  the  FSkS's  1  ode  1  2  systes 
reliability  lequirenents  for  redundant 

applications  arc  contained  in  Table  k.  1.2-1. 
The  systes  r*.  r  f  or  v  anew  requirements  for  a 
fail-soft  node  are  best  satisfied  by  dual 
cosouter  configurations  at  each  site.  In  the 
wont  that  ore  computer  malfunctions,  the  users 
of  tnu  failed  computer  receiving  no  service  will 
call  hack  and  be  answered  tv  the  other  computers 
servicing  that  area.  This  is  achieved  by 
interlacing  the  hunting  telephone  system  lines 
between  the  two  or  more  VPS  computers.  when  one 
cospjtec  fails,  its  lines  are  automatically 
placed  out  of  service  and  give  a  busy  siqnai, 
letting  incoming  calls  skip  to  the  neit 
available  line  serviced  tv  an  active  computer. 
This  shall  put  an  Increased  burden  on  the 
renaming  operational  conputers  absorbing  the 
temporary  loading  of  the  na 1 f u net  ion i nq  conputer 
and  could  result.  during  pane- loading,  in 
reducing  the  overall  svsten  response  time 
capability.  The  90S  servicing  reguireaunt  for 
petk-hour  operation  could  be  factored  into  the 
design  ot  the  conputer  network  conf igurat loos 
such  that  the  rccuicenent  be  mot  when  a  VPS 
conputer  naif unct ions.  Howevet.  since  the 
frequency  of  failure  is  low  and  the  equipment 
costs  high  for  adding  enough  conputers  to 
preserve  9.X  answering  service,  this  study  will 
oot  attempt  to  deaiqn  alternative  configurations 
preserving  the  90t  level,  but  will  allow  a 
maiisun  of  501  reduction  in  service  level  is 
event  of  ccnputer  failure.  The  associated 
response  time  factors  sill  be  eipected  to 
Increase  but  the  VPS  shall  be  able  to  adhere  to 
the  requirements  for  fail-soft  operations. 
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The  reliability  reguireaeat  to  restore  a  tailed 
back-up  eleaent  and  to  have  it  back  into  service 
vitbia  one-halt  hour  (see  Table  4.  1.2-1) 
substantially  iaproves  the  effective  (17 Bf  of  a 

dual  system  as  follows: 


Given  that  two  or  aore  units  are  coabimod  in 
siaple  active  redundancy  and  with 
aalntenance  (i.e.,  all  failures  filed  or 
replaced),  the  failed  unit  is  put  in  service 
within  tho  Nean  Tine  to  Restore  (ilTTR) 
car iod : 


fl"BF  •  1500  hours; 

(17TR  -  1/2  hours; 

no  interruption  of  service  occurs 
if  one  unit  fails; 

tlTTa  includes  failure  detection 
tine,  troubleshooting  tine, 
restore  tiae  either  by  repair  or 
replaceaent.  and  checkout  tine. 


:Jn)er  these  conditions,  the  effective  (IT Bf 
of  the  ccabination  is: 

Duple*  -  (1TB f2/(2  I  HTTP) 

2 

»  (1500  )  /  (2  l  1/2) 

*  2, 250.000  hours 


Obviously.  with  this  hiah  level  of  back-up 
cosputor  reliability  (i.e.,  an  effective  HTBF 
which  is  greater  than  250  years),  we  should 
check  other  eloaeots  of  the  svstce  such  as 
power.  ccBBunication  lines,  and  telephone 
eauipaent.  to  find  the  weakest  link  in  the 
chain.  Havinq  the  reliability  at  one  of  the 
eloeents  of  a  serial  svstea  aore  than  two  or 
three  orders  of  aaoaitude  greater  than  the  other 
eleaents  Joes  not  aateriallv  affect  the 
reliability  of  the  entire  svstea.  However,  it 
could  provide  us  the  latitude  of  relarinq  the 
(IT*?  requireaent  (e.q. .  if  it  were  changed  froa 
1/2  hour  to  24  hours,  the  effective  HTBP  would 
be  5.*  years)  and  possibly  result  in  savinqs  in 
svstea  saintcnance  costs. 


’he  reliability  figures  for  the  solid  state  VPS 
oonponouts  are  quite  hiqh.  The  telephone 
equipaent  has  reliability  values  in  the  ranqu  of 
one  tailure  in  approiiaatel v  every  500,000 
calls.  Thu  co aaun teat  ion  lines  (lata  lines) 
between  conputers  are  about  as  reliable  as  their 
aodens,  urtb  a  STBP  of  10,000  bouts.  However, 
noise  probleas  on  these  liuus  are  likely  to  be 
acre  frequent  than  hardware  failures.  regarding 
power,  the  Yk  k  has  requireaents  for  a  stand-by 
power  unit.  Coaaercral  power  failures  are  not  a 
coaaon  occurrence.  Typical  coaaercial  dual 
feeler  tystoa  power  iailures  are  on  the  order  of 
100  I  1 J_b  failures  per  hour  with  a  lean  Tiae  to 
Repair  of  2  hours.  This  availability  factor 
together  with  a  redundant  power  unit  with 
a  starting  probability  of  90  percent  provides  an 
effective  power  availability  of  99.998*.  for 
this  stuJv.  it  is  assuaed  that  stand-by  power 
service  will  be  utilized  it  already  available  at 
V?*5  sites:  no  separate  provisions  will  be 
factored  into  these  alternat i ves. 

In  suaaarv.  the  Proponed  Hardware  Configurations 
(see  Section  4.4)  adhere  to  the  svstea 
reliability,  no  in tainabi l it v,  and  availability 
ceouireaents,  asr.uainq  that  the  fail-soft 
concept  is  adequate. 


J  itounj  Fulus  an J  Assuan iaj* 

Consistent  with  the  functional  requiresents 
section,  the  following  rules  and  assuaptions 
bouoJ  the  scope  of  tho  VPS  capabilities  and  will 
be  useJ  to  facilitate  sizing  and  trade-off 
analysis: 


1.  ho  record  will  be  aaintained  within  the  VPS 

for  specialist  access  of  any  data 

transactions  between  the  pilot  and  the  VPS. 

2.  There  will  tu  no  data  edit  position. 

1.  Flight  clans  will  not  te  recallable  through 
the  VPS. 

a.  There  will  be  no  legal  recordings  of 

transactions  betweeo  the  usee  and  the  VPS. 

5.  froaptel  and  unproarted  user  data  entry 
a  odes  shall  be  available  for  all  nodes  of 
operat ion. 
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6.  foe  the  purposes  of  this  study,  all  VFS 
sizing  sill  be  based  oa  tbe  digitized  voice 
technology  using  ADPCR. 

7.  £ach  VfS  coeputer  can  handle  J2  siaultaneous 
linos  (channels).  This  capacity  is  based 
ucon  current  VPS  technology,  prelected  to 
198J  production. 

8.  Each  vrs  Heather  Data  Base  Processor  can 
support  up  to  B  VPS  coaputers. 

9.  Thu  V3S  coaputers  shall  not  need  operators, 
i.e. ,  it  shall  be  a  siaplified  start  button 
op»»r  at  ion. 


4.1.4  SMSUliHl  IlJlVldSllSB 

The  V.15  shall  provide  tor  transfer  per  request 
of  the  user  to  an  attended  specialist  position. 
Transfer  between  the  VFS  coeputer  and  the 
specialist  shall  be  acccaplisbed  by  a  uiaple 
telephone  citension,  vith  a  hold  button,  at  the 
specialist  cosit  ion.  The  VFS  Mill  put  the 
caller  on  hold  vhen  he  requests  specialist 
service.  The  specialist  citension  Mill  blink  on 
hold  until  the  call  is  serviced. 


u.1.5  C0hBvi«i  sei»a£i  wailiantiiiaac 

There  are  two  aalor  aspects  of  the  coeputer 
nutvork  configurations  uhich  aust  be  eiaained  in 
this  study.  Coe  aspect  addresses  the  trade-offs 
in  central  izat ion  versus  decentralization.  The 
other  aspect  addresses  i npleeenta t ion  phasing, 
uithin  any  given  configuration,  there  are  tvo 
aalor  deaand  considerations:  the  nuaber  of 

peak-hour  callers,  and  the  average  duration  of 
each  call.  Hithio  the  peak-hour  calls  there  are 
several  levels  of  service  and  several  forecast 
years  to  consider.  All  of  theso  factors  produce 
a  aulti Jieensional  aatrii  of  possibilities  to 
eiaaiae.  In  order  to  licit  the  ezasinatioas  to 
that  vbich  can  be  eccosplished  uithin  a 
reasonable  schedule  and  resources,  a  prelieinary 
annual  analysis  of  ncteotk  conf iquratioas  was 
Perforaed  and  the  results  Mare  esed  in 
foraulating  a  table  of  aalor  coaputer  network 
conf i jurat i ons  reouirinq  aore  investigation. 
Table  4. 1.5-1  presents  these  selected 
configurations.  Portions  of  tbe  aatriz  of 
configurations  have  been  eliminated  because  the 
configurations  do  not  sake  sense  or  they  are 
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MAJOR  COMPUTER  NETWORK  CONFIGURATIONS 


uym.uiiii  s 
’•  *  *.  *  '• 

i  v  , « .  .  ■  \  . 


HUB 

IBBI 

B 

mu 

IBBB 

inherently  tore  expensive  then  the  other 
alternatives  or  because  the  factors  involved  are 
covered  bv  other  coot iqurat ions.  Although  the 
preliminary  zanual  analysis  will  be  discussed  in 
the  coaaua icat ions  analysis  section  later  ia 
this  report,  it  is  helpful  at  this  point  to 
hiqhlight  the  coaf iquration  trade-off 
character ist ics  evidenced  in  this  kind  of  a 
national  lap lc aentat ioa.  Figure  4. 1.5-1 
illustrates  the  cost  behavior  as  the 
alternatives  vary  froa  centralized  to 
decentralized  aetvorks.  These  results, 
recognizing  taat  the  user  deaand  and  equipment 
cost  estimates  acre  based  cn  rough  estiaates  to 
expedite  this  simplified  desk  top  analysis,  show 
the  ainiaal  cost  svstea  falls  betaeon  the  FS DPS 
equipment  site  configuration  and  the  more 
distributed  FSS  VPS  equipped  configuration.  ks 
•ill  be  seen  in  the  latter  part  ot  this  study 
(i.e..  Section  5.4),  this  ainiaal  cost  reqion 
•as  further  validated  bv  the  aote  extensive 
computerized  analysis.  The  computerized  runs 
indicated  bv  the  I's  in  Table  4.1. 5-1  explore 
the  most  sensitive  parameters  of  the  VSS 
national  implementation  alternatives. 


4.1.6  5 net, cl)  aBd 

The  kev  factor  in  the  design  of  a  digital  voice 
response  system  is  the  choice  of  the  fora  of 
diuitai  representation  for  the  speech  utterance. 
The  scientific  and  erqineerinq  field  has  matured 
in  recent  years.  and  it  can  offer  abundant 
possibilities  ranoir.q  froa  linear  Delta 
floiulation  (13ft)  to  Foraant  Frequency  .Synthesis 
techniques.  These  techniques,  classified  into 
vuvefora  coding  anal vsis/synthesis  categories, 
are  suaaarlzcl  in  the  follovinq  figure  in  terns 
of  four  nalor  characteristics: 
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Legend 


Total  System  Cost 


—  —  Telephone  Cost 


Equipment  and  Maintenance  Cost 


Equipment  Cost 


factors: 


1986  PB  peak  hour 

Average  call  3.7S  minutes 

St  busy  signals 

VRS  unit  cost  S100K 

DBP  unit  cost  S12SK 

Maintenance  cost  lot  equipment  cost 

No  voice  recognition  capability 

No  fall-soft  configuration 


SI  SOM  S1S0C* 


S12HM  S1000K 


Cent  rail  red 
Conf lgurat Ion 


ESDPS  Sl^e  (20) 
Conf  lpurat  Ion 


Decentral Ired 
VRS  Sites  at  ESS's 
DBP’s  at  ESDPS 
(293  VRS/20  DBP) 
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*h»s«  cuaractcr istics  qcvorn  the  choice  of  the 
Jiqital  codiaq  erthod  for  specific  voice 
teaFcnse  applications.  Ihet  are; 


1.  Ihc  information  uU  (cr  bit  rate)  require*, 
for  prodtcirj  acceptable  speech  quality; 


y 

-  • 

storage  tegu  i. ed 

to  provide 

sc  t  of 

vocsbuiaty  necessary 

£  or 

spec ii ic 

applicat  ions; 

3. 

'he  complexity  of 

the  cod 

i  n  g  and 

decoding 

schemes  vhich 

t«a  jaciiitii; 

impact 

the 

computer 

<*. 

*  he  t i»x  ibi lity  of 

the  r 

epro..*,nt  aticn  and 

•  ol  if  ica  tion  of  the  vocabilatv  e  Invents. 


-h"  IS  C*s  Vr?  prototype  Jeacnst  rat  ion  syst.v 
uses  tie  »t?C"  codino  scheme  vhich  lies  lr.  t  h ' 
•  id J le  of  the  teohnoloqy  spectru*.  St  present, 
the  750- utterance  vocatulaty  is  implemented  on  a 
fixed  heal  disc.  ?c  implement  the  national  V: 
using  1  rCH  technology,  the  risk  is  very  lo«. 
*he  required  uO 00- ut  ter  ance  vocabulary  could  be 
iaplejc'f.te  1  by  a  hiqb  speed  vovinq  heal  .11  tie 
servicing  multiple  users.  Later  in  the  ncai 
future.  vithin  3  rears  pcrbips,  it  is  expected 
that  the  technology  tor  the  production  of  mass 
storage  elements  mill  be  improved  such  tnat 
lmnlra.  nting  the  ttGOO-  ut  terar.ee  vocabularv  in  a 
solid  state  ■omorv  becomes  feasible  and  cost 
comretit  ivc. 
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-he  l PC  (Linear  Predictive  Coding)  technique  of 
st>«ech  synthesis  is  an  advanced 

state-of-the-art.  It  is  capable  of  providing 
eitreielv  accurate  estimates  of  the  speech 
parameters  with  low  input  data  rate,  but  the 
dynamic  coaputation  (nuaber  crunching) 

requirement  is  quite  hiqh.  Only  recently,  an 
liglish  language  training  aid  in  the  fora  of  an 
educational  toy  appeared  on  the  aarket  utilizing 
a  proprietary  LSI  (Large-Scale  Integration) 
speech  synthesis  chip.  Its  vocabulary  is  rather 
liaited  (apiroiiaately  250  utterances)  and  the 
speech  quality  although  intolliqible  is 
noticeably  inferior  to  the  ADPCn  speech  produced 
at  TSC.  However,  it  is  highly  probable  that 
vithic  three  years  the  LFC  tecnnologv  could  be 
natuiel  to  a  point  which  warrants  serious 
cons  i  J.'i  at  ion  tor  the  i  apleaunta  t  ion  of  the 
mtioial  VPS. 

"ho  Poraant  frequency  aetbod  as  shown  in  the  far 
right  of  the  spectrua  possesses  great  features 
to  be  the  ideal  sreech  synthesis  technique. 
However,  it  is  still  in  the  laboratory  research 
stage,  and  it  will  not  be  considered  for  the 
national  VPS  at  this  tine. 


7  Systea  ;ia« 

The  automation  response  due  to  a  32-channel  VRS 
service  load  is  well  within  20  percent  of  systea 
instruction  elocution  capacity.  The  users  would 
see  no  delays  due  to  processor  backlog  (small 
fractions  of  a  second).  This  is  true  for  both 
the  V^S  and  the  Data  Base  Processors,  assuming 
that  asvncronous  servicing  is  used  throughout, 
"here  are,  however.  two  areas  of  systea 
resources  which  aav  offer  delay  when  loads 
increase.  These  areas  are  the  i n ter-coapu tec 
coaaunications  line  and  the  Data  Base  Processor 
data  tile  (assumed  to  be  on  a  disk  storaqe 
unit)  . 

looking  first  at  the  inter-coaputer 

coaaunication  line,  it  is  desirable  to  keep  this 
line  within  the  ranqc  of  a  voice  grade  line  to 
obtain  the  associated  economics  coapared  to 
digital  data  service  lines.  k  2400  baud  level 
of  service  is  assuael  to  operate  reliably  on 
this  voice  quality  line.  This  baud  rate  will 
produce  saall  delays  due  to  queuinq  of  reports 
trinsaittcd  fcoa  the  Data  Base  Processor  to  the 
v?5  unit. 
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?itst,  the.-  average  call  length  is  au  minutes. 
Such  cull«*r  requites  10  reports,  each  avttoqing 
about  35  seconds  to  utter,  including  prompts. 
About  0.55  seconds  are  required  to  transit  the 
vocatularv  coles  (pointers)  anl  associated 
communication  pictocol  (10-hit  A2CI" 

asynchronous  acie)  .  It  32  callers  <jto  or. 
simultaneously,  there  mill  be  32  ..uch 
transmissions  pet  36  secor.  Is  (1/10  of  i  minutes, 
the  time  recurred  fer  a  single  report).  Cairn, 
a  Poisson  random  distribution  function  to 
exumin*  this  gueuinq  prollem,  tlie  uelays  caused 
Ly  simultaneous  requests  tor  reports  can  ho 
expressed  as  rolloms.  »ach  user  mill  experience 
a  one  second  delay,  twice  each  call.  One  out  of 
amerv  two  users  mill  experience  a  tmo-  second 
delay  once  per  call.  One  cut  ot  every  u  callers 
mill  experience  a  second  delay,  once  per  call. 
Cnr  out  of  u7  callers  mill  see  a  u-second  delay, 
one  out  of  320  callers  a  5-s«.oond  d<  lay,  and  one 
cut  of  2200  callers  a  f-second  d--lay.  it. 
practical  toras,  these  Inlays  duo  to 
communication  gu-uinq  are  tolerable  and 
infrequent  enough  tc  adopt  t..e  voice  grade  lino 
economies. 

Hcxt,  let  us  examine  the  die*  access  leading  at 
the  Data  Da  so  nocusrot  sites.  Assuming  that 
one  .'  it  »  Base  Processor  st  rvtces  eight  V'  S  unit, 
of  22  channels  each,  it  is  possible  to  have  256 
roqu*-_,t..  tor  lata  over  a  36  second  period  (using 
tho  same  loading  discussed  aoovo).  Tr.ing 
typical  movinq  head  disk  performance,  anout  t 
randcs  accesses  pci  second  can  bo  serviced  with 
transfers  of  ies;  ti.ar.  512  bytes  per  access 
[this  message  block  is  adequate  for  this 
application),  :his  leans  that  C.4  seconds  are 
required  to  tetrieve  all  256  roports.  iar.dom 
distribution  tactors  mill  spread  the  requests 
ov»r  the  16  second  period  such  that  lelays  mill 
be  mithin  one  second  almost  all  ot  the  time.  it 
i..  aasumud  that  the  lata  base  updating  accesses 
mill  or  1  c  m»  i  priority  and  less  frequent  such 
thit  negligitU  l  nte  rrerer-cm  is  caused. 

Dnc  very  important  response  time  i»prov*aent 
otot  th.*  current  prototype  V-<?  design  is  assume! 
tor  all  alternatives.  7his  improvement  is  based 
upon  tne  voice  decoding  device  huvinq  lircct 
access  to  the  liqitizcd  vocapulary  storage 
device  (e.g.,  f"0.1  memory  unit).  This  relieves 
th*  v  J~  processor  from  handling  this  flow  of 
data  through  the  computer.  r.h’  voice  decoding 
unit  (the  buffer  management  module)  has  adequate 
cuoacity  in  ui  microprocessors  to  perform  thi3 
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direct  4CCCS!  .ith  u.|  1  i,u  f  le?  delay. 

n  suenarv,  t  he  V!5  response  leliys  should 
Liian  within  the  2.5  (second  requireecnt  foe 
last  us;rs  eic>pt  tet  one  in  »  user.*  *ho  would 
it-out  ,i  i.  5  second  deluv  at  peak  leading, 
etc.,  jj  ducuiisvid  stove.  .  hetit  leliy.,  can  Lo 
re  luecd  it  .teeded  ty  increasing  the 
inter  ccicutft  coieur.icat  ion  uiud  rate  or 
jwitccr.u  tc  the  ioit  efficient  synchronous 
cdii'itncat i cn  node. 


idfiiUl  .*  o 

t  lcsiru  eiirti  to  ccnstrair  the  VI  to  the  }Z~ 
iutca.it : on  f »cilities.  This  constraint  will 
facilitate  u jnsicn  of  the  ••cviroi.ae.  r.t  il 
conditions  reajitcJ  tot  tuis  equipa.mt. 
’owewet.  if  further  decentralization  of  V  •’ 
■'juips-nt  fioves  to  be  beneficial,  the  costs  of 
funiliti  j  ilt cutler  will  tr  i  r  c  1  u  ! 1 . 


ill  si.  JiWJls 

'  ht  v  r  ah  ill  n«  designed  to  iperato  2«  Iioul  . 
lav,  7  lay:  a  week,  vita  the  uiCiFtion  Of 

sch«  lul  td  uciV'fttti  i»c  mntenaocb  pcriols.  V  r 
coarut-rs  suull  have  a  siepl*  pushbutton 
cperitior.  star*  ip  eoJe  and  .hall  net  require 
,'.u  >ci  ii  epar  itou. 

n»*  rlitiit  service  station  spec  ill  1st  shall  Ic 
j.lt  tc  t»rfcre  start  ui,  restart,  and  snut  Jowi. 
t.  ocolu.es  ter  v*t  s  coaputers  by  s«ans  of  si  epic 
tush  P'lftCh  1 1  octd  v  »  r. 

"he  V?"  Vcathet  fata  Case  Tiocossct  shall 
inolult  aohitoeini  functions  in!  outputs  at  tb> 
nata  Pise  Processor  Vtalt.ul.  tn  sc  functions 
shall  i  iclu n  systeB  t e r f trainee ,  status  outputs 
and  syst.ia  ottor  cent  ntf.  '  he  operation  of  the 

at  a  •’isc  rtocacscr  will  be  K«-rt  v,  ty  siafl.  us 
in  the  vp  site  with  a  aim  ail  aaount  of 
idiitional  ttaimnu  of  operators  for  handling 
spec  ill  t  toe  ear,  in  q  ruch  as  luapinq  uraue  recoils 
to  vignette  tape  and  rurninq  sy&toa  analysis 
croot  its  to  feature  pttfor»ance  anl  response. 
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The  soitiiu  t  uncticiu  1  coucity  is  ba3ud  upon  t«. 
current  prototype  software  and  its  extension  to 
*ru:oapass  additional  VC  software  functional  ttit  m„ 
tor  this  study  (see  Section  2).  This  activity  id 

proloctcd  fat  t-ja  19t’2  *  ?  tise  period.  Tor  the 
purposes  cf  .oftwarw  costing,  catenates  acre  generated 
in  view  ot  cunent  rot twarc  technology  ml  no  attest t 
uas  naJe  to  factor  in  the  icpact  cf  soft  war., 

technological  advancements  occuriir.j  luting  th" 
n(nrvno«jl  tise  frate. 

'luraou,  cut  software  dt<  *«  lo  i  sent  ass  mat  ions  will  be 
based  on  tvo  try  factcis.  Hist,  that  the  ccsputei 
architect  itf  fot  th?  1r62  *1  tit"  pci icd  aill  bo 

essentially  th*  sate  as  used  in  th«?  V  "  Frctotype 

doaonstrat  ion  ystot.  f  nJ  the  accord  «»y  tactor  is  th*, 
availability  and  potential  utilization  of  the  irotot/p. 
software  designs  and  un  n  source  codes  cuiiently 

developed.  The  pcctctyp*  sotUarc  is  designed  in 

•  odulai  functional  units.  The  current  Data  la... 
Processor  settwan  is  laplcawr.  tea  ptisarily  in  F"  id. 
“o  upgrade  th.  sot  t  Hire  tot  th.  urn  ata  itase  Processor 
snould  constitute  little  ct  no  ironies  sine*  there  is 
essentially  tininal  CJi.«>-tnar  t*Umu  !  Cl  "IT1 
v<  i siens. 

*n  the  following  sections.  *»ottwar<  sadulca  w.li  be 

identified  with  respect  to  a  t ho  phased  J~v«lop*.nt 
approach  th  1  nherc  applicable.  scs.  aoduirs  will  no 

d isc  isse  1  hr ici  lv. 


*.2.i  Vij  iatiivi n  dCi  iii«slPi'9«£( 

tit  hough  cod  in)  for  the  current  ?r.1  conrutei  has 
teen  iipl«s«ntc)  in  sacniuc  language, 
n.'vcrth.  l«>ss  th*  sort  w.ir>  design  and  data  base 
structure  are  vttectl  v*  an!  ;=  a  1  v.i  gca  si  •*. 
'oftnarc  sizing  toi  tn«  additional  non  v  c 
con  it  r  proticts  r.ot  currently  nil  'a^ntel  i:, 
the  prototype  v»C  Hill  cause  iot«  intact  ii 
terns  of  expanding  data  base  or  seaoty 
regu lr*  sent s  than  on  th*  a  tout t  of  n« w  softwaro 
to  tw  iipl:aonted.  he  s  -  new  products  could 

readily  be  iirlceet.t.d  tor  the  u  >st  tait  in 
PC  v.d  »ait  considerable  us*  or  existing 

ctoduct  sur  tot)  tine*  instead  cl  red*  veloj  i.<  j 
then. 

In  th-  cane  si  tliuat  plan  data  entry,  a  partial 
i  an  le  tenta  t  icn  such  a",  a  "fast  tile"  node  of 
operation  is  ayailihlt.  when  the  tode  is 
reiuest.. d  by  tn*  user,  the  V  *  coarutet  siaply 


mm* m 


u’coi  Is  the  t  light  i  l,n,  spoi'.-n  t<  y  the  pilot, 
this  iiuomtion  is  subsequently  oanuaily 
pcocps.std  bv  a  SMtcidlitt  at  the  v  ?  coaputet 
ditt. 

Another  partial  i  aplea*  ntat  ton  approach  pert  tins 
to  a  atnuall  y  a  uget  r.t^J  r»  wXj  real  tiac  aessago 
capability.  uis  capability  aay  be  necessary  to 
V*'  ccwputt-r  rites  during  early  phases  of 
tho  rational  V  3  J.  *t lo p aent.  It  is  taring  this 
tint  period  tuat  a  liaitel  v."  vocabulary  m 
eip«cta  1  to  exist.  ;  real  tui  voice  digitizing 
in  1  encoding  capability  wojII  parait  special 
weseagea  to  te  added  to  tnt  autoaatic  weather 
imports  coiurising  reports.  Tho  no 

special  messages  would  he  adaptc  1  to  the  local 
1'  "  uto  and  would  physically  reside  there, 
wn  r.  ’A  K('  is  access*  d  ty  th^  ureis,  these 
tfcal  tut  vcice  at:;  sages  woulJ  be  appended  to 
aatonited  Tk.MkZ  voiced  reports.  *n  tho  final 
unK  v.  ntaticn,  the  local  real  tie*  ?1  v.\r 
a«s£ag.  <  can  be  entered  or  a  siaplc  keyboard 
tariinal.  ’  he  wosra  i«s  fciii  b*  sent  to  the  Data 
base  ’  roefssor  aut  oaatic.illy  and  then  be 
processed  sivilar  to  otter  icpcrts.  The  acssage 
woul  1  then  be  treated  as  any  othor  T «A 
product  and  will  be  voiced  autoaut ica 1  ly. 


'«ttf  Jdot  .'i&Vefcsoi  iottwftic 

.n  tie  itetetype  ■»».  »  c s  1 1  a  1 1  on  System,  there 

in  a  a  later • nla ve  relationship,  with  the  waster 
l.iino  t  ne  V'.J  .cyputic  ard  the  slave  being  the 
Cat  a  “jsv  ’’rcci'h.iot, 

.  ot  tins  -»tujy,  t  h*  lurcticns  cl  Dilot  printings 
ii  1  *  \  ~  w \. ’ /Z  Kit  shall  ccotinui  with  the  saae 
coaput>r  iiit»t*tla«<  relationship.  However, 
lor  ilirht  plan  data  entry,  it  appears  that  Data 
' ase  ttocescer  should  assuv*  the  waster  role. 

hi  reason  tor  thio  sprtoach  to  llight  plan 
ontrv  la  to  puts  it  west  ct  the  butters  and 
preceding  lead  to  tc  or  tn  uiti  fas'*  F i acor.aor 
at.  l  thus  reduce  th«  load  cn  the  V  >  coaputwr. 

.uri:  i  the  ccurs*  or  this  alternatives  stuly, 
tn.  re  .i«ve  b»»n  trlvuncei.  to  the  possibility 
that  the-  1  jti  3ase  Fiocesior  functions  lx 
inccrporitcd  into  tor  r  l^i.  ml'or  the  Aviation 
ieiti<r  I  tocesr.cr .  “owover  at  this  tiae,  toi 
thir  i.tuiy,  tn*rr  is  j  nsut  f  ic  rent  inforsation 
rugae  ling  contractor  piopcsot  Jesign  tor  tno 
Ffti  to  intelligently  size  this  alternative-  is 
a  result,  this  study  will  size  a  separate  >ata 


‘iase  riockSfcr  toi  all  .lata  bast  processing  and 
support  functions  (incluiinq  flight  plan 
handling).  Tt  is  also  assuaed  that  there  will 
fcfr  a  local  link  connecting  th.*  Data  East; 
/iJcctsoiH  to  tha  FJPFb's  oc  Aviation  '>a thor 
*  r ocessots. 


'iSiU'J  arJ 

joitwirw  .inng  'or  tr.fr  natural  V.-**  proqraar. 

t...  aoiulfrs  wire  qifiatcd  nv  cqnpuuotu  with 
th  current  prototype.  n v ;i t « e  whfrmvt  r  possible. 
"h«  coauljxitv  cl  a  aodulc  and  its  siring  can  be 
cutiait.’d  in  tolas  ot  th.  assjeut**  I  prototype 
soft  win  predicts.  in  this  tanner,  ostiittvs 
w*rt  generated  for  K"  <A.\  juiucc  stateeents, 
•a  e  hint.  » .t  n  a  u  i  q  *.•  instructions,  and  total  tcaory 
!«■  iu  i  re  a*  :.ts  including  uata  base  allocations  as 
suttarixcl  in  ablcs  a.T.d  1  aid  o.2.j  2.  Th«wu 
tables  •nimratc  cstitates  tor  th«  V  "  coaputei 
and  t  h tat  a  ban  ircceascr  respective  y. 
tctuil  cuing  figures  lor  curr«Lt  V.  r,  prototypo 
pi  oq  r  an  s  arl  amdults  for  the  respective 
troctssitj  ait.  denoted  in  "ttlcs  n.  2.  2  3  and 
u  '  a  t 

Various  s.thoii  tci  eatiaatinq  cento  am 
currently  btinq  uud  thioiihoit  the  industry, 
at  fori  we  discuss  tho  approach  w«  used  for 
routini,  w?  should  briefly  address  tho  aalor 
meters  attectlnq  software  coots. 

*0)  often  the  aaqeitud*  and  coarl»*»ity  of  large 
uottwar  i  activitiwc  art  under csti »a t e.1  ot  th^ir 
regain  aents  change  r.ucb  tnnt  they  art  not 
Jowtlopcl  within  the  initial  tulqetaty  »nd  tito 
tsMi.it  is.  Ctutc  factors  ter™  qwraano  to  V* 
a; rectum  ao(  t«m  costs  inciuit  schilling 
require  tt.rts,  phased  ic  ve  1  op  a  jnts  .  software 
reliability,  and  quality  of  dociaentat ion. 
'htsfr  factors  will  t(  addressed  shortly. 

‘he  approach  chosen  ter  estivating  f  u  t  u  r  •» 
software  costs,  is  a  q>iant  ita»  i  ye  analytic  wethol 
(Ref.  9).  The  parameters  used,  as  adapted  for 
the  »  " ,  are  listed  in  ’.able  4.2.3'*.  *  hese 

itets  tust  consider:  estivated  instiuctiot. 

counts;  In »c 1/catt got y  Ot  coapleiity; 

proqittaet  productivity;  percentages  of 

analysis  and  dw&iqn,  ccdir.q,  and  checkout 
acccBplish-d  in  previous  frtforts;  percentages 
of  proqraaacr  cost  lor  rtaiinrng  analysis  and 
lesiqn.  coding,  and  dctuqqir.q;  in J  a  break  out 
ot  percentages  for  nodule  testing  anJ 


TABLE  4. 2. 1-2 


NEW  SOFTWARE  SIZING  ESTIMATES  -  DATA  BASE  PROCESSOR 


Functional  Area 


FORTRAN  Machine 

Source  Instruction*  Memory 


1.  Pilot  Briefing  Data  Program* 

•  Notice  to  Airmen  (NOTAMS) 

•  Pilot  Report*  (PIRF.P) 

•  Weather  Warning* 

—  Severe  weather  forecast* 
and  bulletin* 

—  Hurricane  advisories 

—  Significant  meteorologi¬ 
cal  information 

SICMET 

urgent  SICMET 
convective  SICMET 
--  Severe  weather  outlook 
—  AIRMFT 

--  Alert  weather  watch 

•  Density  Altitude 

•  Synopsis 

•  Transcribed  Weather  Broadcast 
—  TWER 

•  Pilots  Automatic  Telephone 
Weather  Answering  Service  -- 
PATWAS 


14.8  KW 
11.6  KW 

9.  5  FW 
8.5  KW 


900 

3465 

9.5  KW 

500 

192  5 

5.3  KW 

1600 

6160 

16.9  KW 

800 

3080 

8.5  KW 

1000 

38  50 

10.6  KW 

900 

3465 

9.5  KW 

1000 

3850 

10.6  KW 

900 

3465 

9.5  KW 

1850 

7123 

19.6  KW 

500 

192  5 

5.3  KW 

•  Local  Weather 

2  50 

962 

2.6  KW 

•  Route-Related 

1500 

577  5 

15.9  KW 

PILOT  SELF  BRIEF I NT.  SUBTOTAL 

15900 

61215 

168.2  KW 

.  Flight  Data  Handling 

500 

1925 

9.5  KW 

.  PATVAS/TWEB  Generation  and 

1500 

577  5 

15.9  KW 

Updat lng 

TABLE  4. 2. 3 -2  (Continued) 

NEW  SOFTWARE  SIZING  ESTIMATES  -  DATA  BASE  PROCESSOR 


FORTRAN 

Machine 

Functional  Area 

Source 

i 

Instruct  Ions 

Memory 

4.  Voice  Vocabulary  Maintenance 

500 

1925 

9.5  KW 

5.  Support  Functions 

400 

1540 

2.5  KW 

GRAND  TOTALS 


1 8800 


72380 


205.6  KW 


tabu:  U. 2. 3-4 

PLl'S  PROTOTYPE  DATA  BASE  PROCESSOR  SOFTWARE.  ACTUAL  SIZING 


Jvnaaic/intcgration  testing.  This  data  aust  bo 
accuaulatel  on  a  per  pioduct/eodule1  basis  situ 
appropriate  values  being  assigned.  'ho 

teterer.ee  cedes  in  '.able  4.2.2  e  have  been 
included  to  relate  the  tclloving  discussion  of 
these  tictors  in  the  V:?  ccntcit; 


(a)  real  tne  prograaa  ir.g  is  cr  the  order  of 
2  3  instructions  per  day. 

(M  trograarer  productivity  is  the  biggest 

variable  along  programmes  and  can  be 

represented  only  by  average  nuabers  for  the 
respective  coaputer  type  (see  'able 

■».  2.3-6  a).  Productivity  is  also  a  function 
cr  aodule  diiticultv  an  1  schedule  duration 
ar.  1  its  iudei  factors  ari  presented  in 
»b’.«  u.2.  2-6b.  _o  calculate  tbj  nuabot  of 
K stcuc tions/st ate aents  per  d»y,  select  the 
appropriate  in  •<'*  factor  (c.g.,  f  or  a 
project  duration  of  12  24  souths  and  a 
pragma  acdule  of  itdiui  lifficulty  the 
value  is  1.2)  and  aultiply  it  by  the 
coaput*’!  typo  value  (e.g.,  HBT-s.O). 

(c)  generally  the  prograaaer's  respective-  tia* 

percentages  tor  software  d«vt.lopaont 
break  levs  ar « : 


Analysis  and  design 

3rr 

Coding 

20  « 

oe tugging 

hot 

‘gain,  tiiere  is  a  goed  deal  cf  variance 
ft.ee.  Tor  ciaapie,  if  it  is  a  long  lota 
crolect,  then  Intel  in  the  lov.lopBsnt  the 
analysis  nod  design  factor  could  be 
eipected  tc  decrease  significantly,  perhaps 
as  low  as  1M.  Cther  factors  include 
rtu  luaift  's  taailiarity  with  the  coaputer, 
the  support  aoftvait,  the  operating  systca, 
debugging  aids,  and  availability  of 
co«putci.<  tor  software  debugging. 

(J)  he  Percentages  of  analysis  and  design, 
coding,  and  debugging  fer  the  respective 
anlulos  accoaplished  in  previous  efforts 
could  vary  a  good  deal  froa  aodule  to 
aodulc.  .he  let  effort  could  be  a  staple 
ad  1  on.  Then  again  it  could  entail  a 
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TABLE  4.2 . 3- 5 


PARAMETERS  FOR  SOFTWARE  COST1NC 

l - ■ 


Parameter  Meaning 

Ref  erence 

Predicted  total  executable  Instruction  count 

Function  of  difficult  Instructions,  such  as 
operating  system,  real-time  programming 

(a) 

Programmer  productivity 

(b) 

Percentage  of  programmer  cost  allocated  to 
analysts  and  design 

(c) 

Percentage  of  programmer  cost  allocated  to 
cod  Ing 

(c) 

Percentage  of  progra*»er  cost  allocated  to 
test lng 

(c) 

Percentage  of  analysis  and  design  effort 
accomplished  In  previous  efforts 

<d) 

Percentage  of  coding  accomplished  In  previous 
ef  forts 

<d) 

Percentage  of  module  or  program  checkout 
accomplished  in  previous  efforts 

(d) 

Percentage  of  testing  allocated  to  module 
or  program  checkout 

(e) 

Percentage  of  testing  allocated  to  Integration 
test ing 

<«) 

tabi.f.  4.2. 3-6 


PROGRAMMER  PRODUCTIVITY 


Computer 

Type 

Productivity 
(Instruct  lons/statements 
per  day) 

Bata  Base  Processor 

9.0 

VRS  Computer 

4.5 

_J» _ 


PROGRAM 

DIFFICULTY 

PROJECT  DURATION  (In  months) 

6-12 

12-24 

>  24 

Easy 

2 

2.4 

4 

Med  tua 

1 

1.2 

2 

Difficult 

0.6 

0.7 

0.7 
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cc  aplic  ited  module  me  1  i  f  ic  it  i  cn  requiring 
Jetailcc!  knowledge  of  the  existing  ptogia# 
logic  and  desiqn. 

(O  «ho  percentage  of  testing  allocated  to 
nodule  checkout  is  generally  '0*  with 
a-.other  -0*  tot  inteqiation  testing. 


As  p.  viouslv  stated,  these  v  itas,  ter  data  w.-it- 
apclici  on  i  per  molule  basis  ter-Jlting  in  c 
respective  i  cat  tuct  i cn/sta  t»  aunt  put  lay  count. 

h  resulting  protected  .sortw.arc  ostisates  tt»> 
PLosunted  if.  Tabic  *.2.  i  7.  hei&o  costs  _re 
enumerated  in  tens  of  the  of ty vt«  f  inctional 
areflo  is  i  function  of  the  V  T  coipjtrr  anl  the 
•at  a  Hist  ;  rctvssor.  ach  processor  if:  t  jtr  is 
broken  out  in  tetsa  of  conversion  aoftwaro 
effort  anu  ri<>w  products  effect  and  tntir 
estimates  are  iioted  in  iatior  work...  For  cost 
purtoses,  siventv  thousand  dollars  *s  equate  1  to 
one  labor  year  cf  effort. 

*aoie  •t.2.2  d  contains  another  cut  at  tec 
crolectod  scitwdii  ...tuaus,  in  this  can*  ,  tor 
soft  eare  development  in  its  citirety  frot 
acratcn.  'vmilar.v,  these  costs  ar*’  listet  in 
labor  weeks  and  pteser.tej  i j.  terms  of  toe 
software  areas  as  a  function  of  th'  v,c  computer 
and  t n.  Jata  ba s«  Ptecesnor. 

'egarllr.q  dccumentat  ion,  th-  iai.ua  In  tc  te 
supplied  should  It  the  mama  a<  those  require! 
for  the  :  'AS  sottwati  development,  with  t ha 
quality  at  loc umentet ion  being  ‘qual  to  lvV«l  t 
as  described  in  f.l*  Publication  11  (Ref.  10) . 

The  prolectcd  1  ocu»‘ n » a t  ion  costs  arc  ? 1 3  y 
which  together  witn  the  two  pro1cct.il  sott*are 
cost:,  awour  ts.  to  Pl.CCOk  and  ?1, '•>  '.<  for  tn  - 
conversion  and  new  products  approach  at.  1  t  nc 
comp  let.  software  development  approach 
tM.itc  rt  l  v.  1  r . 

Zatiaiz s  iiixJLifiiflti 

Ottwaco  maintorancc  should  b-  minimal  in  mur* 
.smcj  the  operational  functions  are  well 
define!.  1 A  A  assume!  to  handle  this  area  of 
respousihi  lity  tor  these  v^r  systems  upon 
acceptance  at  the  respective  sites.  Any 
software  changes  will  predominately  be  of  an 
enhancement  nature  and  will  be  implemented  by 
fat  software  personnel.  For  this  reason, 
software  maintenance  costs  ate  not  included. 
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SOFTVJAKE  COST  ESTIMATES  -  SOFTWARE  DEVELOPMENT 


4.)  Hqtdvut*  CtiUSill 

T he  hardware  functional  capacity  and  coat  estimates  ace 
based  upon  the  current  prototype  systen  and  prolected 
technology  toi  product  ion  about  th"  1S82-8J  period. 
These  estiaates  consider  several  important  factors. 
The  current  VPT  dcvelopaental  euuipaunt,  which  is 
apptozluatelv  two  years  old.  costs  about  ilQOK  and 
haudles  20  callers;  the  Data  base  Processor  svstea 
costs  about  S150K  and  handles  only  one  VPS  unit  but 
supports  sanv  other  unrelated  t unctions  siaultaneously. 
Siring  the  hardware  for  1U82  represents  about  a 
five- year  advance  in  teebnoloqy  over  the  current  VPS 
coioutor  an!  associated  equipaent.  In  addition,  the 
current  svstea  was  developed  on  qeneral  purpose 
coaputers  possessing  broader  capabilities  in  both 
hardware  and  software  than  are  required  for  VRS 
operational  support.  Thus,  in  proiecting  the  nuabec  of 
callers  which  can  he  handled  by  the  future  VPS  unit  and 
its  ludv  cost,  it  is  necessary  to  const  lor  only  tbe 
specific  capacity  lequireaents  fer  VPS  and  the  new 
technology  advances. 


u. J. 1  VPS  Hardware 

The  ccaposition  of  a  VPS  unit  can  be  briafly 
described  as  a  am icoaputer .  a  vocabulary 
storage  device,  a  voice  generator  and  an  input 
dewice.  The  choice  ot  individual  components 
should  he  catefullv  selected  to  suit  tho  aalor 
(unctions  ot  the  VPS.  It  aust  be  recognized 
that  the  current  VPS  prototype  is  less  efficient 
in  both  hardware  and  cottware  than  could  he 
achieved  in  a  tailored  national  i apleaentat ion. 
Pocognizing  this,  let  us  ezaaine  the  selection 
(actors  for  the  aalor  hardware  iteas  comprising 
a  VPS  unit. 


The  ainicoap 
ability  to 
V°S  channel', 
with  the  pe 
voice  output 
a  saall 
generation  u 
storage  uni 
but  f eri  q  t  h 
genet  it  i  nq 
svstcas.  Id 
all  (light 


Trocessor 
buf  ferinq 
reduced, 
hardware 


a 

t 

T 

aa 


ute  c 
ct  f  ic 
,  buf 
t  IP  he 
un  it 
sea  or 
nit  h 
t.  t 
e  1  ig 
unit 
addi 
pi  an 
a  it 
bis 
he  n 
v  bo 


should  be  selected  for  its 
leatlv  asynchronously  handle  32 
(triad  1/C  data  aod  coaaands 
rals  such  as  the  tone  input  aod 
n.  This  ain icoaputer  aay  have 

v  require tent  if  the  voice 

as  its  oen  digitized  vocabulary 
hus  savinq  the  requircsent  for 
itized  vocabulary  to  the  voice 
as  it  is  done  in  the  prototype 
tion,  if  the  design  forwards 
to  the  Data  Base 
the  needs  for 
v PS  coaputer  is 
floatinq  point 
integer  precision 


entry  data 
is  input, 
data  in  the 
et'd  for  VPS 
eliminated  if 
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is  considered  in  the  design,  and  all  route 
con vo rs  ions,  etc.,  u<  reloqatcd  to  the  Data 
base  Pucessor.  With  those  features,  the  VPS 
coeputcr  ■ a  v  be  satisfied  by  a  seali 
•lnicoeputec  or  even  an  advanced  eiccoprocessot 
coecuter  of  the  1982  era.  However,  for  this 
study,  a  ninicoBpater  sisilar  to  the  current 
prototype  svstea  will  be  use  I  as  a  low-risk 
selection. 

The  next  as  lor  hardware  consideration  addresses 
the  vocabulary  slot  toe  unit.  The  current  VPS 
prototype  uses  a  fixed  head  disk  for  this 
purpose,  with  a  fast  loving  head  disk  for 
back-up.  The  mportant  considurat  ion  in 
selection  is  the  ability  to  randoalv  retrieve  32 
digitized  voice  data  stream  at  a  rate  which 
services  the  voice  generaticn  unit  without 
noticeable  delays  in  utterances.  The  ADPCB  data 
coapre.ssion  approach  requires  about  ten  tines 
•  ore  data  uu  uttetar.ee  than  LPC  concepts.  The 
IPC  concepts  suffet  tioB  poorer  voice  quality. 
The  storage  device  selection  therefore  is 
sensitive  to  the  selected  data  coapression 
aethololoqv.  Since  the  L PC  technology  is  in  an 
early  stage  of  proven  capability  for  this  Vf.S 
application,  our  study  will  focus  on  device 
selection  atound  the  kOPCH  concept.  This  is  a 
lower  risk  aceroach  and  it  easily  facilitates 
LPC  storage  capacity  needs  if  chosen  later  in 
trie  iiplenentat  inon.  A  recent  1PC  innovation  in 
gaacs  ha.»  illustidtcd  the  advantages  of  using 
read  crlv  notary  ff.cn)  tor  digitixed,  coepressed 
vocabulary  storage.  This  approach  is  highly 
desired  for  the  VSS  unit  since  it  olminates  the 
nwchanical  elenents  associated  with  the  disk 
units  and  thus  itproves  reliability  to  a  level 
of  solid  state  eiuipeent.  The  recent  advances 
in  laiqe  capacity  iCn,  Prograeeable  .TCI  (PB01)  , 
an!  'tasabla  P°on  <  F  T  2o  fl)  chips  proeise  to 
fulfill  the  needs  even  for  an  AOPCH  digitized 
vocabulary  of  **  utterances  (between  8  and  10 
Begabvtos).  T  he  isportant  factor  in  the 
cconosics  of  using  these  storage  devices  is  the 
quantity  of  production  since  there  is  a 
significant  initial  ccst  tor  Ron  Bask 
developacnt.  The  use  of  FPOH's  offers  better 
econoeics  for  ssaller  production  quantities  but 
it  has  lower  tensity  characteristics,  therefore 
requiting  eore  chips.  Tne  1 enro veeun ts  in 
TTFCn's  have  actuallv  produced  significant 
capacity  in  each  chir,  conparing  favorably  to 
FOl's.  Tneir  cost,  although  higher  than  large 
production  Ron's,  will  be  coepetitive  for  seali 
production  quantities  however.  Since  the  nueber 
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ot  v?3  units  will  not  be  large  in  teens  of  BQfl 
production  econoaics.  it  is  »ocu  likely  that 
?«v'JR  or  TPRCR  vocabulary  storage  units  are  sore 
practical  for  national  i aplenentat ion.  Lastly, 
it  is  likely  tnat  the  f  PCn  vocabulary  storaqe 
unit  vill  be  sore  expensive  than  disk  units,  but 
t ho  reliability  advantages  lustily  the  increased 
costs  and  the  ease  ot  randoa  access  directly  by 
the  voice  generation  unit  and  hiqh  transfer 
rates  associated  vith  FPCR's  easily  support  12 
channels.  “herefore.  this  study  vill  focus  upon 
the  use  of  a  solid  state  vocabulary  storaqe  unit 
for  tbo  tull  capacity  national  svstca. 

*he  next  hardware  ites  cf  concern  is  the  voice 
generation  device.  Ac  earlier  section  discussed 
the  digitization  act  hols.  Each  channel  nust 
have  a  g i q i ta 1- 1 o- ana  1 oq  capability  plus  the 
associated  data  accessing,  buffering  and  loqical 
control  features  to  produce  the  utterances  upon 
cosnand  ot  the  VP S  conputer.  As  discussed  in 
th>  crcviou;  paiaqtaphs,  the  voice  generation 
device  should  access  the  vocabulary  storage 
device  liiectly  (e.q..  by  a  C*ll.  Direct  Resory 
Access,  capability)  to  produce  efficient  and 
responsive  uertoraance.  The  conversion  and 
oxpansion  circuitry  for  pcocessing  the  digitized 
voice.  both  *'<i  C"  ard  LPC,  are  considered 
sieilai  in  coat  in  the  light  ot  the  nev  LPC 
technology  used  in  the  LPC  speaking  gates.  the 
very  coaplicatwJ  and  heavy  coeputational  task  of 
decoding  the  LPC  voice  data  has  been  reduced  ho 
a  single  integrated  citcuit.  A  siailac  approach 
is  possible  for  this  application. 

In  the  atoa  of  voice  recognition,  several 
devices  are  lust  becueing  available  vhich  handle 
a  still  vocabulary  for  selecteJ  applications. 
*hi3  technology  will  be  discussed  in  a  inter 
section.  In  terns  of  capability  and  costs  used 
in  thio  study.  the  existing  svstens  have  been 
prolected  to  incteast  in  capacity  by  four  tines 
the  nuaboc  of  channels  nerved  and  to  reduce  in 
price  by  25t  coepated  to  the  1878  devices. 
Thus.  in  eight-  channel  svsten  selling  for  S80K 
will  support  )2  channels  and  sell  for  S60K  in 
1881.  1  he  fout-iold  increase  in  capacity  nay  be 

on  the  optieistic  side,  but  is  possible. 
Although  the  cost  difference  between  voice 
recognition  and  tone  decoder  devices  is 
significant  (l.e..  voice  recoqmtioo  unit  costs 
Jte  20  tisos  greater  than  tone  decoder  units 
(Fef.  Table  4. 1.1-1)),  this  study  uill  use  VRS 
hardware  configuration  costs  which  include  the 
voice  recognition  capability  in  addition  to  the 
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Table  4.3. 1-1 


VRR  12-aiASSFL  HARDWARE  El.EMF.NTS 
(5oIlJ  State  Vocabulary  Storage) 


F  1  emenl . 

Dcacr lpt  ton 

Est  la.lt  ed 
1 983  Cost 

Processor 

Minicomputer  with  2  *>bK  bytea 
of  memory  and  I/O  lnterfacea 

Sir* 

Voter  M.ina|t«amt  t'nlt 

Mu  1 1  l-channe  I  voter  output 
cont  rol 

S  3K 

Voice  Crnerallon 

Unit 

Digital  to  analog  voice 
output  unit 

S  2K 

Tone  Decoder 

Unit 

Tone  recognition  and  Input 
channel  -iu  It  lplex  lng 

S  3K 

Voter  Recognition 

■nit 

Voice  Input  recognition  and 
channel  multiplexing 

$f>OK 

Vocabulary  Storage 

Unit 

One  of  the  following  options: 

PROM  for  4K  vocabulary  (ADPCN) 

$2«C 

PROM  for  IK  vocabulary  (UPC) 

$  4K 

Terminal 

PATVAS  message  entry 

S  IK 

Telephone  Interface 

Interlaced  connection  and 

S  IK 

subsystem  Interlace  control 
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tone  input  unless  stated  otherwise. 

Tho  last  nalot  hardware  area  ot  concern  is  the 
PATVAS  real-tine  nessaqe  entry  capability.  In 
t  h*»  early  thases  ot  inplcnentation.  when  a 
Halted  V - b  vocabulary  aav  exist,  it  say  be 
necessary  to  inpleseot  a  real-tine  voice 
digitizing  and  encodinq  capability  to  pecsit 
special  ncssaqes  to  be  added  to  the  autosatic 
weathei  reports  coaprislnq  rA'WAS  reports, 
"iu s.  it  sill  be  necessary  to  proviJe  at  the  VSS 
site  a  voice  digitizing  inrut  device  and  a  neans 
ot  staring  and  retrirvinq  these  reports  by  the 
VFS  cosputer.  The  input  device  is  relatively 
ample  anJ  inexpensive  (I2K)  roc  ADPCfl  encodinq; 
however.  the  LPC  approach  requires  a 
considerable  asount  ot  processing  and 
conceivably  sight  need  a  separate  slnicosputer 
coapacablc  tc  that  ot  the  VIS  unit  itself.  At 
the  tine  whet  the  fBS  vocabulary  is  increased  to 
support  all  types  ot  weather  products,  only  a 
ample  coaoutur  luput  terainal  will  be  needed  to 
enter  these  teal-tine  ?AvwAS  sessages.  These 
aeusaqes  will  bo  ttansaitted  to  the  Data  Base 
Frocessot  where  it  will  be  translated  usinq  the 
intensive  misting  vocabulary  for  all  its 
voiciuq  needs.  This  study  assunes  that  a  full 
vocabulary  exists  and  adds  only  the  siaple 
tirsinal  costs  to  the  hardware  estiaates. 

In  suisarv,  the  VIS  hardware  elcsents  are  listed 
in  -able  4.1.  1-1  tor  the  full  1  apleewotation 
capability.  Also  shown  arc  the  projected  costs 
bv  clwacnt.  These  costs  have  been  estisated 
using  available  literature.  discussions  with 
aanuf actucwrs  and  experience  with  sisilar 
hardware  itesa.  The  estisates  assuse  that  100 
or  sore  units  would  be  produced  by  a 
aanufaclurer  with  adequate  production  experience 
to  develop  specialized  hardware  tailored  for 
this  application. 

?or  cospariscn,  a  amplified  20-chaunel  version 
of  the  current  v*.c  prototype  would  cost  about 
S60K  usinq  19  7a  hardware.  The  protected 
J2-channol  svstea  will  cost  J40K  in  198 j  (with 
no  voice  recognition  capability).  This 

difference  reflects  an  increase  of  about  50 
percent  in  channel  capacity  due  to  the 
eliaiaation  or  general  purpose  software  needed 
in  the  prototype,  sore  efficient  software  and 
the  selection  of  a  slniconpeter  with 
characteristics  better  suited  to  the  1ES 
functions.  The  181  lower  price  reflects  cost 
reductions  Juc  to  five  wears  ot  hardware 
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advances,  and  the  highly  cos  pet  it  i  v**  nature  of 
the  aim*  and  aicrocoaputer  industries*.  These 
estiaates  will  be  used  as  the  basis  of  our 
computerized  network  analysis. 


*•  >•  ?  lAUlv'UURCV  ill  US  la  lit  Kill 

“o  siaDlify  this  alternatives  study,  aaintenance 
cost  estiaater  for  a  V*S  site  vill  be  related  to 
the  equipment  costs  by  a  siaple  percentages  ot 
nardaaru  cost.  For  this  study,  the  FAA  has 
established  a  2Jt  value  per  year  for  estiaatiog 
associated  hardware  invertorv,  spare  parts,  and 
labor.  This  201  value  vas  derived  by  assuaing 
that  the  hardware  costs  associated  with  1 10  VES 
sites  was  fflOF  pet  site.  This  201  value 
established  tv  the  FAA  ccapares  on  the  high  side 
of  inlustrial  aaintenance  contract  estimates 
which  run  between  ‘1  and  101  of  equipment  costs 
each  year  for  such  svsteas.  It  is  assuaed  that 
one-dav  service  is  all  that  is  required  for  VPS 
sites  since  each  site  will  have  a  dual  VPS  unit 
at  a  alniaua  and  will  operate  in  a  fail-soft 
aodc  in  event  of  failure  in  one  unit.  Relating 
aaintenance  to  one-dav  service  aav  actually 
reduce  aaintenance  costs  closer  to  the  10T  range 
bv  peraittiug  a  regional  aaintenance  depot 
concent  to  be  used. 


«.J.  I  Data  das*  riflct-SrfOr 

This  national  VPS  iaplcacntat ion  alternatives 
study  is  based  upon  a  network  of  distributed 
processors.  “he  pilot  inter f  ice  with  the 
automated  svatea  is  with  the  vc5  unit  discussed 
earlier.  This  v?$  unit  requires  support  in 
supplying  the  encoded  weather  products  and  in 
handling  flight  Plan  filing  inforaation.  These 
supporting  services  arc  relegated  to  the  Data 
Base  Frocesscr.  One  Data  Base  Processor  is 
estimated  tc  have  the  capacity  to  service  up  to 
eight  ?»S  units  niaultaneously .  At  this  leval 
of  suipoit,  a  ainicoaputor  systaa  with  a 
capacity  equivalent  to  the  current  prototype 
Data  Base  Processor  (a  Digital  Tquipaeat 
Corporation  PDP  1 1/70)  will  adequately  handle 
the  workload  without  response  delays.  This 
uuaber  of  VFS  units  is  coaser vat Ivel y  aatiaated. 
A  single  weather  data  base  file  on  a  single  disk 
storage  device  will  support  apptoiisatelv  20 
weather  report  retrievals  per  secoed  (25 C  byte 
reports,  equates  to  about  15  seconds  of 
utterance).  ‘rhis  allows  for  as  equal  aeount  of 
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access  t i id  (or  data  base  updates.  Selecting  8 
VIS  units,  the  rondos  service  requests  Cron  256 
users  (8  VPS  units  with  32  channels  each), 
although  averaging  about  6  accesses  per  second 
vould  allov  tor  queuing  requests  2.5  tines  this 
average  without  any  delay. 

Table  4. 3. 3-1  presents  the  key  elenents  in  the 
Data  laue  Processor. 


TABU  4. 3. 3-1 

DATA  RASE  PROCESSOR  HARDWARE  ELEMENTS 


Element 


Desc  r lpt Ion 


F.st  1  mated 
1483  Cost 


Processor  Large  capacity  minicomputer  S100K 

with  1.25  megabyte  memory, 
control  consoles,  network 
Interface,  tape  unit,  and 
operating  system 


St  or  *ge  Disks 


Two  large  capacity  disk  $  25K 

storage  drives  and  controller 


An  utortant  cons i Jet  at  ion  in  the  selection  of 
the  Data  Pase  Processor  hardware  should  be 
adequate  aenorv  for  efficient  buffet  inq  of  uner 
lata  and  information.  “his  Data  Hase  Processor 
buffering  cacacitv  is  needed  to  sininize  the 
eeaocr  regui resents  in  the  VPS  units. 
Associated  with  this  large  asount  of  sesorv  is 
the  need  for  easy  addressing  of  the  full  aenory. 
It  say  be  desirable  to  consider  the  newer  32-bit 
word  size  niniccaputcr  svsteas  for  their  ease  in 
accessing  bullets  anywhere  in  neaorv. 

Por  ccsparison.  the  current  prototype  Data  Base 
Processor  costs  about  SlbOR.  *he  prolected  1983 
costs  are  aptroiiaatelv  20  to  25*  less,  based 
upon  competitive  price  reductions  and  technology 
advances.  This  price  estisste  will  be  used  for 
this  study  analysis. 
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. t  is  isjuiit  5  that  th«.  ;ata  "ase  ?toc*i.»oi 
nardviro  *ill  fc*:  cc  located  at  th«  I '  ,?r  oit.s. 
_b  fact,  if  tno  sSlSZ  has  tb~  avaliallr  Ca|dClt/ 
at.)  requited  features,  it  say  perfect  all  th.- 
functions  of  the  «.dta  Jane  frocessor,  th  j:; 
cliaiuatinq  t  separate  Data  base  Processor 
purchase.  Hceewr.  foe  this  study,  no  *.11 
aanu»«  a  separate  tiata  base  iroctssor  is 
rouui.cd  ml  suet  tic  aaintaine).  As  in  the  V  ' 
ha r d  *  at «  aaintenar.ee,  a  2  {  or  purchase  price 
appear..  reasonable  tci  as  tuitin-i  yearly 
aairtcnaa-.'  co  st . .  ■  •.host  costs  ray  bn  reduce) 
if  thv.  dpecirie  procistot  art  disk  drive  art  the 
east  as  t:.J£«r  used  foi  the  r^rri  hardware.  "'he 
coosonalitv  .ill  tetrit  share!  invent. ry  ti.i 
reduced  training  requirecerts  por  saintaimn; 
y t  he  i  hard*  a  r*'. 


-UliliSik  LiJ.i2JvflS 


hie  alternative  study  u  laned  uputi  nn. ailing 
the  costs  ct  telephone  <  quipn  ..l  wherever  i 
si  ml;  beneficial  approach  can  be  pound.  tor 
•  ia»Pl«,  the  V  2  hardware  is  scop.  l  to  inerlud  ■- 
the  tone  deciding  functicr.  provide)  l.y  the 
.ataphono  a  7c  units  in  the  p-rutytyp*  syste*. 
Ail  ti.a*  is  requited  is  a  siapl*  "AX  (Direct 
\r  -as  .rranq.aei.  t)  device  to  conn,  ct  the  Vs  to 
tu*  telephone  lines.  The  roq  air  (.-ae.it  for 
specialist  interaction  can  also  be  solved  sitpiy 
by  ir.stallioq  a  push  button  ut'-i.sicr  telephone 
I  *  i  t  a  a  nold  option)  at  the  specialist's  d«si. 
rfhoc  the  v  5  coaputet  determines  thit  the  caller 
requests  specialir.t  service,  it  siaply  juts  the 
caller  on  hold.  .he  extension  at  th« 
specialist's  desk  *111  blink  until  ae  services 
thi  caller.  feith«»r  call  iirvetets  nor 
call  forwarding  equipment  are  anticipated  .'or 
these  a  1  tor n at i vu&. 


KiiCs  .  D3J,d*3iS 

his  section  is  devoted  to  analyzing  the  role  of 
voice  recognition  in  thit.  stuiy.  Although 
incluUl  in  the  requirements  specification,  this 
tochncioqv  is  not  quite  ready  for  iisediate 
application  to  the  V*?  since  the  field  ct  speach 
aiiral  recognition  is  still  in  th®  infancy 
staqc.  Basic  research  and  developaent  nock  are 
being  conducted  at  aany  laboratories  and 
ir.iv«rsit  ins.  'his  *ork  can  be  classified  into 


three  categories:  speaker  verification,  speaker 
idcn t it icat ion.  and  speech  recognition. 

For  speaker  ver it ication.  an  identity  is  claiaed 
by  the  user,  and  the  verificaticp  system  is 
required  to  lake  a  rather  strict  decision,  to 
accept  or  xelect  the  claiaed  identity.  <*he 
notion  o(  speaker  identification  differs 
significantly  f roa  the  speaker  verification 
problea.  hence  a  sore  coaplex  problea.  In  this 
case,  the  svstes  is  required  to  sake  an  absolute 
identification  aaong  speakers  in  the  user 
population.  In  the  area  of  speech  recognition, 
however,  the  problea  is  further  conplicated  by 
the  existence  of  a  large  ousber  of  options  which 
aust  oe  specified  before  the  problea  cao  even  be 
approached.  Sxaaples  of  na lor  coesideratiots 
are  listed  as  fellows: 

1.  Type  of  Speech  -  isolated  words,  connected 
speoch. 

2.  Kaaber  cf  Speakers  -  single,  designated 
speakers,  unlimited  user  population. 

J.  I vpe  of  Speakers  -  aalc,  fcaale. 

U.  lavironaent  -  noisy,  quiet. 

1.  Transmission  Systea  -  aicropbone,  telephone. 

6.  Systea  Training  *  none,  fixed,  continuous. 

7.  Vocabulary  size  -  saall  (e.g. ,  20  words); 

seJiua  le.  g.  .  100  words);  large  (greater 

than  100  word s) . 

H.  Scokcn  Input  Fcraat  -  restricted  text,  free 
spoken  fcraat. 


associated  with  the  above  options,  there  are  a 
nuaber  of  rractical  difficulties  described  as 
follows: 


SececJ)  ZMKKsin  las ialioe 

Variations  in  speech  patterns  are  found  even 
when  the  sane  person  repeats  a  word, 
particularly  over  a  period  of  tine.  This 
coaplexitv  is  greatly  aagnifieJ  when  different 
sneakers  say  the  saae  word.  Such  differences 
have  aade  the  design  cf  accurate  "universal" 
recognition  svst-e  (unlialted  user  population)  a 
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torailable  task.  Consequent  1 v.  lost  systeas  in 
practical  use  eaplcv  the  speaker  adaptation 
design.  i.e. .  systei  training  approach. 

However,  this  approach  aav  degrade  the 
applicability  ot  a  speech  recognition  feature  in 
tbo  national  VFS. 


aapkqfogpi  Jijd  ereatbioa  #cis<? 

Background  and  breathing  noise  can  be  a  real 
problea  where  systems  ear  have  to  operate  at 
noisy  work  sites.  Fsperience  indicated  that 
this  uroblca  could  be  solved  by  using  a 
noise-cancelling  microphone  on  a  lightweight 
headland  as  those  used  by  air  traffic 
controllers.  However,  this  approach  would  not 
help  the  TBS  users  (pilots)  using  regular  hoae 
or  office  telephones. 


iitCafletfgs  VMM  2**1 id* 

*itr»nnogs  uror  sourds  aav  occur  as  as  a  result 
of  coughs.  sneezes.  threat  clearings,  or  side 
caorrsationr.  These  types  of  sourds  can  be 
elvainated  tc  a  great  extent,  if  not  completely, 
bv  the  technique  of  using  cued  speech.  This 
at-ans  that  the  recognition  device  is  told  to 
listen  to  the  user  only  at  precisely  controlled 
tiacs  when  the  user  is  told  to  respond. 

The  above- lentioued  difficulties  can  be 
ainiaized  by  clever  designs  and  ludicrous 
selection  of  svstea  options.  and  these  are 
precisely  the  accroaches  taken  bv  a  faw 
coacanies  to  aatket  their  speech  recognition 
products.  For  eiaaple,  one  coapany  has  produced 
a  voice  data  entry  device  with  up  to  a  200-word 
vocabulary.  "his  trainable  unit  can  achieve 
high  recognition  level  at  99. 7t  through  the  use 
of  hign  gualltv  microphones  in  a  controlled 
environment.  In  using  the  regular  telephone, 
the  recognition  accuracy  has  shown  narked 
degradation  to  which,  according  to  the 

coapany,  will  be  iaprowed  via  training.  k 
single  unit  ani t  sells  lor  approriaately  110. 5X. 
Another  company,  on  the  other  hand,  taking  the 
"universal  accroach,"  has  produced  a  2*-nord 
vocabulary  voice  recognition  unit.  The  coapany 
claias  that  a  uot  recognition  level  via  regular 
telephone  is  attainable.  An  ^-channel  unit  has 
a  price  tag  of  S&OK. 
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In  SUM4CV.  in  operational  voice  recognition 
le  v  ice  applicable  to  the  national  VFS  appears  to 
be  lust  beyond  the  present  sta te- oi-the-ac t. 
lore  research  and  experimentation  needs  to  be 
done  to  solve  the  af oreacot ioned  problues  as 
veil  as  to  answer  soee  of  the  operational 
guest  ions.  such  as  optiaal  vocabulary  size, 
acceptable  recognition  accuracy,  pilot  interface 
an  1  acceptance,  etc.  Cost  is  a,  if  not  the, 
•alor  factor  uhich  inpacts  the  appi icabiiit y  of 
the  voice  recognition  to  tho  VBS.  Unless  in 
three  to  five  years  the  cost  of  a  single* 
channel  voice  recognition  unit  is  reduced  to  I2K 
-  SO K ,  it  would  not  be  considered  cost-effective 
for  the  national  VFS  i aplenuntation.  Houever, 
for  ecnrle teness.  the  cost  of  a  voice 
recognition  unit  capable  of  servicing  )2  users 
(i.e..  S60K)  has  been  included  in  all  of  the 

follcving  hardvaie  alternatives  unless  stated 
otherwise. 


.0  ftOPOevJ  tttfi'Nacv  CfiBiiJS itJliBCS 

It  is  Pioooscd  thit  the  national  VBS  be  structured  in  a 
hictuchical  network  configuration  as  shovn  in  Figure 
0.4-1.  Bach  Data  Base  Processor  can  handle  up  to  eight 
VSS  computers.  vhich  in  turn  can  handle  up  tc  32  user 
calls  si nu 1 1 anco us  l  v.  Through  the  voice  and  tone  input 
telephones.  pilot  users  can  either  interface  with  toe 
VIS  coaputers  or  speak  with  the  FSS  specialists.  This 
can  sinplv  be  achieved  by  a  push-button  extension 
telephone  witn  the  held  option  at  the  specialist's  dash 
(See  Section  o.j.5).  Incasing  telephone  lines  with 
extensions  at  the  specialist's  console  are  Interleaved 
to  a  nultinlicitv  of  VIS  conputecs  at  each  site.  This 
technique  Provides  the  VPS  with  t  he  fail-soft  feature 
so  that  the  failure  of  anv  VFS  coanuter  will  only 
oartiallv  degrade  tho  VVS  service  in  the  areas  covered 
bv  the  failed  coanuter.  For  the  saae  reason,  one  or 
aore  back-up  Data  Base  Processors  are  required  for  the 
access  bv  VFS  computer  through  the  dial-up  telephone 
lines  in  case  a  dedicated  Data  Base  processor  and/or  a 
dedicated  data  line  fails. 

Functionally,  the  VFS  coaputei  interacts  with  pilot 
users  bv  interpreting  user  reguests,  obtaining  the 
desired  weather  products  froa  the  Data  Base  Processor, 
converting  these  products  into  digitized  speech  data, 
and  finally,  generating  the  voice  responses  to  the 
requesting  users.  In  addition,  it  also  provides  the 
PA7UAS  and  the  ?rp  services  to  users.  The  aalor 
function  of  the  Data  Base  Processor  include  receiving 
the  raw  weatacc  data  periodically  fros  the  Heather 
Message  "witching  Center  (HBSC)  coaputer,  converting 
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t.-ics-.  rax  <e ether  data  into  tinaiv  re  {  res^ntatior. 
suitiblc  tot  us*?  by  the  v.  S  cotputer,  and  pcocQSainq 
rliont  plans  secaittol  tv  pilots. 

IhvEiCsllv,  th.'sc  V"  coaputer  and  uta  last  Processors 
can  tuna*'  iron  heinq  d istr  ibutivaly  cu  located  at 
tlioat  ;ocvc t  ‘‘taticus  or  be  inq  centrally  ciustecc-J 
into  one  or  a  it*  hub  c^nt^rs.  *  his  is  the  sublcct  of 
a  trad*.  of.  study  tr.  chapter  3,  con*  in  icati  jrs 
tnuiysis,  an  1  viil  rot  bp  <  l.iroiated  ary  further  her*. 


:<uuH  Aliniu&xn* 

Ti.  •  purrooe  of  th»  partial  i jpleaontation 
a  1  tc i  n a 1 1 »♦* s  is  tc  provide  a  lov  risk  quality 
v  .  rrrvio  •  to  users  vithout  havtnq  to  vait  far 
♦he  rail  cacarility  systta  vhich  a.iy  require  a 
ionqer  time  to  develop.  o  satisfy  these 
requirements,  it  is  desirable?  to  develop  t..e 
urtiul  i  iplea  ntat icn  alternative  syutcas  on 
tho  basis  c£  the  i; C  VZ.3  (AIPCH  ’ochnolojy) 
UacnottJttor  sy-'.tea  with  perhaps  scao  aii»d 
t  met  ions i it  ies  ind  enhance  sent  feature-..  This 
ippeoach  provi.le;;  t  h*  shortest  d*’V>  lopaer.t  cycre 
mu  loe.ot  technical  nst.  Tn  fact,  aost 
co*6-ccialiv  available  aediua*to  hiqh 

portot*  m.-i'  si  nice*  tutors  vith  real-tiao  systes 
>oft»ace  could  nil  the  roles  cf  both  the  lata 
e.i.*e  .  roc.-ssers  and  v  s  Computers. 

n<  partial  i  ip  It ac t ta 1 1 ol  altcrnativ  for  the 
nat  icn.il  V*  i  configuration  in  shotu  iii  ri  |  ite 
a.n.l-l.  ’  »o»  inq  head  liPk  it  used  to  store 
th*-  1 , 000  * u 1 ranee  vocabulary  anJ  the  F  t "  V  A  T 
ic  <s.aq»s.  Fue  to  th1  recent  advance  in  disk 
tr  uncloqy,  a  covir, q  head  disk  can  provide  aort 
..touqs  at  less  cost  than  a  Ccaparitle  fired 
head  list  as  used  in  the  7  .  V'  demonstration 
nv:.t  s.  Mthouqh  tie  access  tit  -  of  the  aovmq 
heal  lisk  ir  aueh  longer  than  tnat  cr  the  lietd 
head  lisk,  its  enta  transfer  rat*-  is  actually 
lnqh-r.  n  addition,  an  etricient  desiqn  of  the 
1u  1 1  ich.tnno  1  7  an  a*t*  a<*n  t  unit  and  tn<?  Voice 

ienrntion  Unit  should  readily  o the  olow»i 
access  t ii^  inherent  in  the  aovlnq  h*  aJ  disk. 

1  i  projartel  ccst  r  or  th.s  svst  >a  is  I°7k. 

i  s»conl  partial  iaplcaqnt a t icn  alternative 
calls  lor  tnc  retlaccaent  ot  tin  roving  neid 
dis*  l v  a  coabination  of  toe  solid  ita  to 
■caorittS.  .r  usable  Ircqraaaablo  !vad-lnly 
I'-acrv  cr  r reir aaaa t  le  "e.d  Only  6<acty  of  a 
voderato  sir*.  tor  the  stotaqc  01  1.600 
uttei  tnc'-’S  vccabulatv  is  directly  accessed  by 
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the  lultlchannel  nnuqt>i«ut  Unit  to  yield  fast 
liYatr*  response  auJ  ottload  the  VF.S  computer. 
ApproxiBatel  y  1  megabyte  of  solid-state  Far. don 
Access  i**aor  v  (PAH)  la  required  to  store  locally 
Uqitisod  r  AX  HA  S  aessaqc  seqaents.  This 
alternative  is  represented  in  Fiqure  4-4.  1-2. 
Tho  ptolected  cost  of  this  alternative  is  I9)K. 

Both  alternatives  require  a  tacilitv  for  the  PSS 
specialists  at  PATMAS  sitos  to  compose  PATMAS 
messages  and  encode  voice  data  not  contained  in 
t hi*  vocatularv. 


».<*.  2  Fjll  AHcciMiirc 

"he  tali  i ip  leaontat ion  alternative  for  a  VBS 
coaputer  configuration  is  illustrated  in  Fiqure 
u. n.2-1.  It  is  a  natural  evolution  fcoa  the 
previous  i a rloavnt a t i on  alternatives.  A  full 
site  vocabulary  in  the  order  of  4,000  utterances 
is  iaplesented  bv  ?KCn  chips  ehose  price  is 
einectei  to  decrease  considerably  in  the  neat  3 
to  j  wars.  Mi th  the  i aplenentation  of  a  full 
vocatularv.  there  is  no  lonqec  a  need  tor  the 
voice  digitizer  and  encoder  equipaent  at  the 
? AT  m  A3  site.  Only  the  PATMAS  aessaqe  data  entry 
tersinal  id  required.  This  full  VBS 
configuration  is  feasible  and  desirable  for  a 
national  VPS  implementation  and  is  the  siaplest 
and  aost  reliable  hatdeare  configuration 
evaluated  in  this  study.  This  therefore  is  the 
VFS  unit  used  for  the  subsequent  computerized 
analysis  and  costing  estiaates.  This  hardware 
conf igurat ion  is  protected  to  cost  S100K. 


4.4.1  voice  iQCflJuii  Allimmicd 

As  Jiscussed  in  Section  4.1.6,  Speech 
Digitization  and  Compression  Tethods,  linear 
Predictive  coding  is  one  of  the  aost  proaisinq 
techniques  for  producing  intelligible  quality 
voice  output  with  loo  input  data  rates.  Further 
research  an  1  developaent  work  is  needed  before 
LPC  techniques  could  be  aooliod  in  any  coaplex 
op»  rational  systen  such  as  the  VFS.  Hovever, 
due  to  its  potential  in  future  VBS  applications, 
the  indication  of  LPC  to  the  proposed  svstea 
configuration  is  considered. 

Figure  4. a. 3-1  shows  a  special  LPC  arrangement 
of  the  tull  VFS  alternate  configuration.  The 
V*S  coaputer  and  its  interfaces  remain 
unchanged.  The  size  of  the  vocabulary  in  teras 
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of  digital  bit  stoiaqu  should  enloy  .«  si  table 
reduction  as  ccepared  to  th«  ASPCd  approach  for 
tbo  sot  *',000  utterances.  hue  to  the  low  input 
lata  rate  rcauirea«»t,  it  if  desirable  to  locutc 
tbe  i rC  voice  generation  units  c lo--'  to  ustts  ir. 
or  l*t  to  reduce  the  ltnith  of  the  voice  lines* 
yielding  savings  in  lice  cost.  Uoacvcr,  those 
savings  are  partially  offset  it  least,  hv  the 
coaple*  require aents  of  ttiqh  upetd  tultiploxoro 
and  iokis  tor  those  data  lines  between  U>> 
voice  qane ration  unite  and  the  VhS  coeputers. 
’he  croiected  ccst  or  this  tyst«i  is  i°2r.. 


«.»,&J>9Ck  CecliaiUflUtfD  iltsiI3iA.vs3 

'.a  discussed  in  section  4.  t.f,  a  set  of  haloi 
Coaput*-r  hetuorh  Configuration*  vat  .dentificl 
tor  further  coaputct  analysis.  Les> 

configurations  cover  a  side  spectrua,  froa 
cen t til izati cn  to  decon 1 1 a  1  i za t  ion,  ot  network 
structure  r>«  Although  thi  results  in  twees  of 
vaiioun  costs  froa  the  coaputac  analysis  will  I** 
discussed  in  (.natter  €,  "rstn  raJ«  Cff 
Analysis#  It  is  helpful  to  hiqhliqht  ♦ he 
physical  layout  chat uct t r  i  st ics  o«tt  the  entire 
nation.  nqur*s  U.h.u-  t  through  «.(>.<»  8  depict 
the  s*t  cf  the  *a1ci  Coaputer  Sot  work 
1.01  1  i  jural  lor*  in  a  graphic  i  »r  r«s-/fit  at  icn.  h" 
jrarnics  reqtni  us**d  ir.  described  is  follows: 
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all  the  requited  >ata  Bast  Processors  and  V*  1 
coaruters  are  located  at  the  two  ;:Ar.*t  Cent  -u, 
i.  e. ,  >alt  late  City.  C  ,  ar.  1  Atlanta,  #1,  H« 

division  of  VIS  siiviccs  between  these  t«o 
centers  is  based  on  i.  'CC  regions.  All  t.io 
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jvetaq *  cloi«i  to  this  c«ctec  than  the  other. 
Tiuuro  4.U.4-2  illustrates  t  hu  first  step 
decentralization  whereby  Oats  Base  Processors 
ceaain  at  the  two  HAD! N  Centers  bat  the  VES 
cosputers  are  distributed  aaonu  the  20  ABTCC's 
plus  juo  P3S  in  <reat  Palis,  (!?.  The  cluster  of 
FSS'n  io  Bontana  are,  for  econosic  reasons,  too 
far  a  w  i  y  fro*  any  APTCC  or  the  NADI N  Center  in 
Balt  Lake  City  to  fce  served  by  then.  The 
required  nuster  of  VPS  cosputers  at  the  Great 
Jails  Ft!  service  the  users  in  the  .lontana  area. 

In  Figure  «»).«•],  the  Data  Base  Processors  are 
also  distribute!  among  the  20  ABTCC  Centers 
co-located  with  the  VPS  cosputer.  This  network 
elisiaates  the  need  for  the  data  line 
t r.tnsaissi on  between  Data  Base  Processors  and 
VVt  cowruters.  Please  note  the  esccption  at 
Great  Palls  where  data  lines  are  still  needed 
for  the  transmission  of  weathor  products  froa 
the  Cata  Basa  Processors  at  the  Balt  Lake  City 
AITCC. 

Keopioq  the  Cata  Base  Processors  at  the  20  APTCC 
Centers.  Figaros  4.4.  4-4,  4.  4.4-5,  and  4.4. 4-6 
deacnstcatc  further  deccntral ization  of  VPS 
coaputera  a so  nq  45,  1J4,  and  2D)  PSS's 

respectively.  The  docentralizat ion  occurs  first 
at  the  4)  Level  III  FSS's  which  will  be 
autoaotod  under  the  PSAS  pcooraw.  second  at  the 
1)4  v?s  automation  consolidated  PSS's,  and 
finally  at  the  29)  FSS  level  tor  the  entire 
nation.  It  is  interesting)  to  note  tho  shift  of 
balance  between  the  data  lines  connecting 
between  cosputers  and  the  voice  lines  between 
computers  and  urers  as  the  network  coaf iuuration 
becomes  sore  and  more  distributed  in  nature. 

Lastly,  two  partial  implementation  networks  will 
be  eiamined  in  order  to  evaluate  factors  in 
chase  1  installation.  The  first  network,  Piqure 

4. 4. 4- 7,  shows  the  )  busiest  AFTCC  regions  with 
the  save  network  decentralisation  as  Piqure 

4. 4. 4- 4  (4)  vftS/20  Data  Base  Processor).  Piqure 
4.  4.4—4  shows  a  14-centcr  level  of  installation 
for  this  configuration.  The  results  of  the 
analysis  of  theso  partial  implementations  are 
presented  in  Section  6.9. 


4-4,9 


4-SS 


FIGURF.  4. 4. 4-7  -3  ARTCC  AREAS  (LEVEL  III  FSS  VRS/FSDPS  PBP  SITES)  PARTIAL  IMPLEMENTATION 
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FIGURE  4. 4.4-8  “  14  ARTCC  AREAS  (LEVEL  III  FSS  VRS/FSDPS  DBP  SITES)  PARTIAL  IMPLEMENTATION 
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1  Introduction 

Tnw  basic  ve<5.  as  shown  in  the  blcck  diagrat  in  Figure 
'.1-1.  consists  of  a  Data  Base  processor  which  keeps 
ui>-t  i-Jatr*  national  weather  data  and  a  VHS  coepwter 
which  accepts  pilot  demands  and  generates  voice 
responses.  The  VFS  is  a  hierarchical  systen  whereby 
one  Data  has*  Processor  nav  handle  a  nuaber  of  VPS 
coaputers  eacn  of  which  in  turn  aav  handle  a  nuaber  of 
users  interacting  witu  the  VFS  si  a  ultai.eousl  y .  Data 
lines  ate  used  to  interface  between  conputecs,  whereas 
voice  lin<>s  are  used  to  coaaunicate  between  pilot  users 
md  tne  V  S  coaputers. 

To  satisfy  t no  pilot  demands  on  a  national  basis,  it  is 
apparent  that  the  VTS  required  would  he  a  hierarchical 
coaputer  network  interconnecting  coaputers  by  data  and 
voice  linos  typically  as  shown  in  Figure  5.1-2. 
Consistent  with  the  FA A  Fiiqht  Service  Station 
organization.  these  Data  Base  processors  and  VKS 
corouters  aav  be  cithei  centrally  located  in  salor 
facilities,  such  as  .V  A  r  I S  centers  or  AFTCC's,  or 
distributed  aaong  autoaated  flight  service  stations. 

The  leqree  of  centiali zation  for  decentralization)  of 
coanuters  has  a  profound  iepact  on  both  the  cost  and 
utilization  of  coaputers  and  the  cost  of  the 
coiaun icat ion  lines.  In  general,  a  higher  degree  of 
cent tal i z  it  ion  yields  higher  ccip  iter  utilization, 
lower  coaouter  cost  and  higher  line  cost.  In  contrast, 
a  higher  degree  of  dccen tr a  1  i zat icn  tends  to  rroduce 
lower  coaoutcr  utilization,  higher  conouter  cost,  and 
lower  cost  o i  coaaunicat ion  lines,  "he  purpose  of  the 
coaaunications  analysis  task  is  to  seek  a  better 
understanding  ot  how  the  svsten  cost  varies  with 
network  conf igurat ion ,  an)  to  identify  a  nunber  of 
alternative  conf igurat ions  with  nininal  svsten  cost. 


5.2  Analytic  UlUfCh 

X  he  analytic  approach  used  in  this  study  is 
straightforward.  The  basic  date  used  in  this  approach 
is  the  forecasted  pilot  briefing  denand  (Section  1.0). 
A  wathwa.it  ica  1  aodei  was  developed  which  processes 
these  data  and  tips  and  cowputes  the  nuaber  of  voice 
lines  needs)  to  satisfy  the  pilot  deaahds  at  a 
predetet wine  1  level  of  service.  Pros  the  nunher  of 
lines  to  he  serviceJ  in  a  region,  one  can  deteraine  the 
nuaber  of  V'S  coaputers  required  and  in  turn  dictate 
the  nuaber  of  Data  Base  Processors  and  data  lines 
noedel  to  satisfy  these  regional  deaands. 
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FIGURE  5.1-1  ”  VRS  WASHINGTON  DEMONSTRATION  SYSTEMS 
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FIGURE  5.1-2  «■  VRS  HIERARCHICAL  NETWORK 
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'.be  lowest  levol  ot  the  r-qioi.al  pilot  fcriefibi  life*  in  1 
ik  ccatutcl  at  th“  f  1 1 >1  h t  service  station  1<  v**l. 
jeaands  it  tho  flight  service  station  level  can  be 
saaici  up  to  detetaine  the  deaands  at  the  V.'S  and  the. 

ata  9a.,e  Processor  sites.  finally,  the  deiands  at  the 
various  sites  car.  be  luiud  tc  ettain  the  total 
national  deair  1.  >tcoqni/itiq  the  distributed  nituio  of 
this  leaand  and  the  variety  of  vr  i  ccaputor 
coaauntcatioas  networks  which  ate  possible,  it  it; 
necessary  to  cor.tider  the  alternatives  froa. 
centtahiutui.  to  decent ra  1  izat  ion.  Our  study  atteapts 
to  proviU  a  panaetric  analysis  c;  th^.;«  networks  end 
to  provide  cost,  istiaates  of  soae  candidate  network 
conf lqurat  tens. 


.3  Cats JtiiVdtluh  ;*.a4vlJbJ  A£5»*£ii9iJi  3USl  Jaidilillts 


i’tlpt  i’vi.Uh'j  Jc»flrJ=.* 

: hfe  official  :AA  1 9  eo  forecast  f  iqires  are  used  for 
this  studv.  ‘ h «  deaand  data  includes  the  regional 
annual  Icaand  and  the  peak  hour  ucaanu.  he  latter  is 
lapottint  fee  proper  systca  sizing.  When  the  estiaated 
**  *tp  Uaand  ir.  a  la»  d  to  the  utiaatel  1*'«t  V'i 
irntina  Icrtctsts,  th»  total  deaand  inetfises  to  2.' 
tiar.i  th«  oiinn.il  f  ’  »  pilot  tnefing  l.bC  for»-ci..t. 

he  ccaaumca  tioni  analysis  it  ta.cd  Jfors  these 
tutec*.;' j  anl  t  h<  forecasts. 


Arum  .riciirj  Tin 

statist ics  collected  : roa  th.  Washington  c  V' 
upiojsi tat ior  aolel  showed  that  tor  thro'-  weather 
product  a,  the  iveraq*  pilct  briefing  tier.  »js  3.  ?r 
ainutes.  is  liscussvd  m  the  t.«Banl  -ectior,  there 
will  fct  »o f  weather  products  and  services  in  tne 
national  V  "  in  the  t ut uie  which  rcsilts  in  a  iinqcr 
briefing  tie*.  ;oi  this  study,  wc  will  jocjo  upon  f 
ainutes  as  th**  average  rilct  come -t  tia*  and  also 
•vtluatc  t ho  iaptet  of  1  and  b  vinutc  avera je  tiaes. 


TdU<  >'111941  dyji  1 

'he  rlanq  tlltls«rvar  loss  fvstea  aod«l  was  cnOS«n  to 
calculate  tl.-  nuabfci  ot  voter  lines  regain*!  to  satisfy 
a  specific  rogional  pilot  briefit.q  J.aaul  at  a 
orcdoterainel  service  level.  'he  use  cf  tnis  loss 
aodei  is  applied  such  that  caller*  who  received  buoy 
signals,  if  they  try  aqain,  will  rc  enter  too  systoa  as 
pait  of  the  forecistcd  deaand  (ot  tho  nvit  interval. 
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A  90%  service  level  is  a  requirement  for  the  national 
VES.  This  eeans  that  the  TES  Mill  respond  to  10%  of 
the  beak-hour  pilot  denand  vith  e  busy  signal. 


CQBfiUUC  fiifiACiiiSB 

Based  on  our  orototvpe  V*S  demonstration  system  and 
prolected  harJuare  advances  (Section  4),  this  nodel 
assunes  that  a  VRS  computer  is  capable  of  handling  J2 
voice  channels  (or  callers)  si aultaaeously.  It  is  also 
assumed  that  each  Data  Base  Processor  can  service  and 
interact  vith  8  VES  computers  simultaneously.  These 
caoacitv  relationships  enable  the  nodel  to  compute  the 
nininun  nuaber  of  v?s  and  Data  Base  Processors  needed 
to  satisfy  the  netvork  requirements. 


PceU»iP«cx  iiOnaualcalioa  IsLiatl  id xkiaLa 

Carlv  in  this  alternatives  study,  the  need  to  narcov 
the  scone  of  effort  to  the  aost  important  aspects  of 
the  netMork  ltslq  prompted  a  simplified  manual 

analysis  approach.  Initial  estimates  of  demand  and 
cost  values  of  network  configurations  Mere  made  based 
upon  preliminary  data  and  rouqh  approximations.  The 
primary  purpose  of  this  first  analysis  vas  to  estimate 
the  sensitivity  of  netvork  parameters  and  develop  e 
quantitative  estiaation  of  coaaun ication  needs. 

To  start  this  aaoual  analysis,  a  nuaber  of  sinplifyinq 
assusptions  had  tc  be  eade.  In  the  area  of  demand 
data.  103%  of  the  1986  forecasted  pilot  brlsfiog 
estimates  Mould  be  used  as  the  pcolected  f%S  demand, 
'his  data  uas  developed  for  each  Plight  Service  Stetloe 
in  the  conterainoum  O.S.  In  the  area  of  eguipeent  and 
telephone  service  costs,  the  approach  mas  selected  to 
assess  an  effective  line  cost  per  eontb  for  a  given 
configuration.  vhich  then  could  be  coapered  for 
relative  costs.  For  a  base  line  comparison,  a  Foreign 
Exchange  (M)/?ELPA|l  average  monthly  cost  per  mile  ef 
*.59  can  be  considered  as  the  most  economical  aervice 
for  dedicated  telephone  lime  configurations. 
Comparisons  vith  Mils  (Vide  Area  Telecoaaunicatioms 
*ervicc>  costs  is  more  difficult  since  zones  and 
inter/intra  state  tariffs  are  used,  tteaever,  monthly 
full-tiae  VATS  coats  cam  be  considered  avaragimg 
1600/aonth  for  intrastate  and  over  11.000/aonth  for 
interstate  (zone  one.  240  hour  measured  service). 

Most,  considering  the  average  length  of  pilot 
briefings,  the  current  VBS  briefing  of  J. 75  minutes  vas 
assumed  adequate  for  this  first  analysis.  Lastly,  in 
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the  area  of  hardware,  it  was  decided  that  the  cut  teat 
V ?S  deaonst tat too  system  equipment  could  bo  projected 
in  capacity  to  handle  32  channels  (telephone  Lines)  par 
VPS  unit  and  that  each  Tata  Base  Processor  unit  could 
support  d  VF.S  units.  The  prolected  costs  Cor  each  were 
rouuhlv  estiaated  at  SIOdK  Cor  a  VPS  unit  and  $150K  Cor 
a  Sata  Dace  Frocessor  svstea.  Using  these  values  it 
would  thus  be  possible  to  study  the  cost  trade-oCCs 
between  centralized  versus  decentralized  VPS  networks. 
The  equipment  costs  will  be  considered  anortized  over  a 
ten-vcar  period. 

The  scope  oC  this  nanu.il  analysis  does  not  include 
consideration  of  rATVAS,  Flight  Plan  Filing,  nor 
adlustnents  approx ina ti ng  increased  VPS  briefings 
cos  pa  red  to  the  19Hfc  prolected  pilot  brieCings.  The 
result  ot  this  analysis  relative  to  a  simple  FSS  is 
shown  in  Table  S.u-1. 

Exanination  ot  the  table  leads  to  several  interesting 
observations.  First,  it  is  apparent  that  a  Cully 
decentralized  con t i gut  at  ion .  with  eguipnent  located  at 
each  Flight  Scivice  Station,  is  prohibitively  expensive 
conpaccd  to  the  other  alternatives,  even  ignoring 
facilities.  maintenance  and  operational  costs. 
Secondly,  the  cunttalized  con li out  at  ion  (or  2  site 
Kudin)  was  note  expensive  than  decentralizing  to  the 
ASTCC's  tor  FX/TTLPAK  telephone  rates.  Although  the 
difference  is  not  significant  tor  this  Louisville 
example.  th.  centralized  configuration  costs  will  show 
a  greater  difference  for  nost  other  FSS  locations  since 
they  average  503  greater  nileage  to  Kansas  City,  30,  or 
Sadin  sites.  Thirdly,  the  WATS  configurations  are  2. « 
to  2.9  tines  nore  expensive  than  the  FX/TELPAK 
conf iqueatioss.  Although  the  FX  costs  do  not  consider 
the  components  of  pilot  costs  In  calling  the  FSS  nor 
the  costs  of  special  FX  and  VAIS  lines  which  Louisvillo 
say  need  tc  serve  its  area,  it  is  likely  that  these 
suDDlenontal  coats  will  not  approach  the  aagnitudo  of 
VATS  costs  when  factored  into  the  FX  conpacisons. 
Lastly,  it  is  apeears  that  the  equipnent  costs  of 
decentralizing  the  V?S  computers  to  each  individual  FS5 
is  siuuif leant lv  nore  expensive  than  locating  the  vps 
units  at  a  site  where  several  FSS's  can  be  serviced. 
The  final  observation  cf  our  preiininaev  nanual 
analysis  is  tnat  AITCC  configuration  should  serve  as  a 
focal  point  for  our  coiputetizcd  network  analysis  since 
it  possesses  both  piactical  and  econonical  potential. 
Further  increases  in  denand,  e.g.,  foe  increased 
message  lengths,  FAT  VAS  and  Flight  Plan  Piling 
services.  will  require  additional  VFS  computers  and 
data  Base  Processors  and  this  will  tend  to  favor 
shorter  telephone  lines,  leading  to  sosewhat  sore 
decentralization  of  VRS  units  than  the  APTCC  sites.  It 
was  therefore  concluded  that  analysis  with  the 
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Table  5.4-i:  LOUISVILLE'S  SHARE  OF  COSTS  FOR  VARIOUS  COWTICURATIOMS 
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computer i  zc J  •  c  d  ■>  1  Mould  locus  on  configurations  with 
decentcaliz  it icn  ranging  Iron  *  V*  i  sites  up  to  as 
high  as  2.  V" 3  sites. 


'.w-utciiiiJ  Qsfiiicis-dJUfii!  £s>i«a££  Auaiisis 

he  need  let  computerizing  at  least  a  part  of  network 
altcrnat i ves  analysis  became  obvious  at  the  outset  of 
t h«  preliminary  analysis.  Ir.  fact.  the  coaputat i anal 
load  for  that  simplified  case  aadr  it  obvicus  that  any 
reasonable,  sultiplc  case  study  wculd  require  autoattic 
coaputation.  "he  dosiqn  which  finally  evolved 
<a phi sizes  simplicity  of  program  structure  ard 
versatility.  The  ability  to  generate  grapnics  as  well 
as  tabular  output  war  designed  into  the  system  noa  tii^ 
beginning.  An  eptien  to  permit  the  computerized  model 
to  run  in  an  interactive  graphics  environment  allows  it 
to  be  used  as  a  design  tool  as  well.  The  additional 
complexity  mil  cocputation  involved  in  automat. c 
network  optimization  proce  lures  was  considered  to  be 
too  great  for  the  scope  of  this  study  effort. 
Accordingly,  the  cemt un ication  network  alternatives  to 
be  analyzed  by  tat  model  wet*  manually  selected  and 
specified.  "he.  computer  then  performs  a  detailed 
analysis  of  etch  network,  ard  the  outputs  are  ccmpirej 
manually.  *n~  actual  networks,  demand  lata,  costing 
data,  etc.,  used  were  dictated  by  the  type  cf  analysis 
to  be  poucrid.  .These  analyses  arc  totalled  in 
section  t.  A  summary  of  all  mold  runs  made  is 
contained  in  Table  C. 1.c  1. 

"h.-  procedure  for  analysis  appears  to  be  g  ntc 
adequate,  since  the  computet  performs  oil  lengthy, 
tedious  calculations  whii^  analysts  otsarve  rasuita  ani 
draw  conclusions.  Thus,  a  relatively  JetaileJ  analysis 
i»  ouite  accessible. 

In  practice,  an  iterative  approach  developed  _r  this 
mode,  the  analyst  selects  a  set  ct  r j».  changing  those 
variables  expected  to  be  important.  "ho  model  runs  ato 
midt.  and  thc  analyst  insects  the  quantitative  output 
oi  th«  various  rena.  The  analyst  tnen  snecitics 
further  runs  with  changed  inputs.  "«*>  output  t roa 
these  runs  is  used  to  refine  t ho  analytical  results, 
’’his  iterative  procedure  never  required  more  ‘han  tnre~ 
cvclus  for  anv  of  the  lntecative  analyses. 

It  should  be  k»pt  ir.  mind  that  model  results  arc  based 
on  estimate  1  data.  The  accuracy  of  these  ccmputel 
results  depend  jpon  the  accuracy  ot  the  assumptions 
used  is  prncarinq  the  model  inputs.  he  real 
usefulness  of  such  results  is  the  comparative  analysis 
made  possible  by  observing  variation  in  output  data 
relative  to  controlled  alteration  of  input  lita.  T,f 


;i— rii min  jiiiiiis 

Petoto  oi.nini.nq  the  individual  trade -off  pir.u-H-.-ia, 
th<  rol«  of  voice  recognition  capability  oust  be  place  1 
into  perspective  tc  perait  proper  ur.  letstanding  or  the 
tolloving  sections.  'In*  functional  requirements  call 
ror  the  vt  alternatives  to  provide  a  voice  recognition 
capability.  This  capability  enables  the  pilct  to 
vocally  select  services  offered,  in  place  of  tone  input 
opiiaticns.  fht  vocal  feature  has  aerit  for  oroadoninq 
the  available  service  to  pilots  not  having  access  to 
tone  devices  or  $ush  button  telephones.  Moaovor,  in 
exaaininq  the  cost  ptolecticns  for  the  voic* 
recognition  eqgipient  reguired  to  provide  this 
capability,  it  vas  founl  that  its  costs  veto  one  and 
one  naif  tiaoa  the  basic  V. S  unit  cost.  The  prelected 
V  '  unit  ccst  with  tone  input  capabii i t i?s  is  lufl.O 00, 
•hile  the  v  ~  unit  vith  voice  recognitioD  capability 
add*  I  is  estivated  at  flOC.OOO.  This  significant 
ditterer.ee  has  a  prefound  effect  cn  the  V  :£  alternative 
trade-  offs.  "herefcce,  a  decision  has  been  nade  to 
analyze  the  alternatives  vith  t  vo  V.  S  unit  lesiqns,  one 
vith  voic®  recognition  ($100,000  per  unit)  and  the 
other  vithcut  voice  recognition  (ddO,0O0  per  unit). 
This  parallel  analysis  is  done  foi  several  of  the  valor 
tradeoffs.  Hovcver,  it  vas  net  possible  tc  do  this 
analysis  tor  every  trade- eft  factor.  1h  a  result,  the 
lover  coat  V.  T  unit  design  was  selected  as  the  vast 
conservative  approach  ret  several  of  the  trade-off 
covt»ticons  line®  the  econoav  consid.-rati  ons  eight  have 
a  oejativo  influence  on  a  decision  to  include  voice 
recognit lor. 

lastly,  thesv.  alternative  results  have  been  uased  upon 
a  tail  .,ott  national  configuration.  This  veatis  that  r.o 
site  vili  have  It  s  s  than  tve  ur.itr,  even  if  only  one  is 
neede  1  to  setvc  th<i  totdl  dcaand.  iztra  units  vill  not 
b«  .tided  to  sites  vhicb  norsally  have  two  or  vote  units 
to  acet  the  leaarid.  The  fail  seft  lcvsl  vas  selected 
to  provide  a  continuing  level  ot  service  although  it 
assuves  that  the  specific  recovery  specifications  can 
be  relaxed  tc  perait  the  resulting  fail  soft  service 
levels. 

'he  tolloving  trade  off  discussions  are  based  privarlly 
upon  coaputer  ized  analysis.  ’.he  valority  of  the 
computer  data  used  is  presented  in  \pp®ndix  G.  "his 
appendix  contains  on  wary  repot ts  tto»  the  individual 
aodul  runs  ind  i„  included  in  this  study  report  for 
noseibl.  further  analysis. 
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U  indicated  in  til-  kifliidi  analysis  of  VUKJj  lltwoix 
coni  iqurat iens,  th«  coarutoiizad  analysis  clearly 
showed  that  cot  a  uni ca 1 1 01  c oets  pee ioainite  in 

contcalized  configurations.  botu  ot  thi  V  ui.it 

designs,  with  in!  without  voice  i eccii.jt  ion,  showed 
ainieai  fiystea  cost  alternatives  favoring 
lecuitcali.  iticr.  at  leant  tc  t  tie  rSD.S  ltvel  1 20  s'--^ 

sites)  bat  Kjj  ttian  t  ho  -ull  )  5S  d<- cent  ra  1 1  zat  ion  ( _  S-  ■* 
sites).  .n  fact,  t  fce  xiniaux  cost  con  iguiat  ion  lot 
tat  non  voice  recognition  design  was  lust  of  step  law:, 
iroj  full v  liotributod  o  ?  units  at  ail  t"r,s,  this 
optiaun  ht.r.  l  t  h.  )’«  VRS  site/20  "'ati  Mac.  'coc>t.soi 
site  configurati.cn.  Figure  (.  t*1  suiaariz-i.  this 
tvoiiit.  'his  tijurc  >x  taints  the  configurations  £roi  a 
centralized  cite  te  ill  fii’s  having  V  <Htuipa«nt.  * ». 
a  siailtx  wiy,  r*gux<,  «.  1-  2  suaxa  t izes  tn<  alternatives 
and  show  a  tl  ..v^ins  casts  for  th»  V  i  *•  unit  dviiqn 
including  vote,  tecc jnit icn.  There  ..utoarits  at*-  usd 
upon  i  nuatu  factors  iittad  or  the  tigutes.  .hts<_ 
results  are  representative  of  the  ainiaua  cost  toi  tn< 
r.aticr.al  iipl  a.tation,  .isrusinq  VX/'^L.-tK  tiicphor. 
costs  :  or  all  long  distance  coaa  unica  t  ion  links.  .his 
rx/TJL'nK  sai vice  ic  in  th>  prorass  c i  being 
Jiscontinu.  !.  .he  replacracnt  eoaaunica t i or .  cost  *il. 
he  meu  hiihtr  it  link  costs  a^-ptoxiautt  currtri 
coaaorci.il  ;  t  .alts  »:.  indicate!  in  ptopc..*-.!  tael  if 
i<:t  ions. 


Fi  inning  Fiiure  f.1  '  roxe  close rv  it  car.  n«  s  «n  that 
.quipa-nt  cost.,  exceed  coaauu  ica t ior.  costs  onlv  is  th* 
tull  fSS  decentralized  (2°?/20)  V)'  configuration* 

•  ith  the  ailed  expanse  of  aaintenance,  fl '  X  >:  ti.c  cost 
is  associate  1  witL  the  eguipaent  tor  the  Li3/Z0 
configuration.  '"nlv  12.  t  is  tt  lsphono  coats,  loving 
aorc  centralized  tc  tt.e  1:4/20  configuration, 
coaa  jnicat  ion  costs  lise  to  a  Sri  level.  \).is  1?h/?0 
conf iguia t i co  represents  app rox i s at uly  a  r0' 
c  onre  1  i  J  a  t  xct.  ci  v:  2  stt«s  tret  the  full  “2  2  sites, 
loth  of  the:.-*  conf  iguiationa  involv  additional 
facilities  cod  i  net  factored  ict>  the  analysis.  Air 
con  litioning  (\/C)  and  pomi  conditioning,  it  r.ec1*-J  to 
assure  equipment  operational  reliability,  will  be 
ipptoxi Jitei y  12,000  f cr  vh'  sites  and  tlu.M?  lor  oita 
3aae  Frocsiiiot  sites.  when  factored  into  these 
alternatives,  even  t  h«  worst  case  Z^'./ZO  sit® 
configuration  increases  insignificantly  { less  thin  2* 
or  th<?  aenthly  systca  cost).  To  nitplify  the 
ultern.it  ivo  cost  analysis,  facility  costs  have  been 
Iroroel  free  those  results.  Cne  additional  reason  for 
dropping  t  nr.se  facilities  costs  is  the  uncertainties 
associated  with  specific  sites.  Since  soae  future  FJ. 
»nl  rrrrs  sites  aay  have  the  needed  env  ircnaental 
control  equip* >nt  associated  with  the  rr.  iutoaation 
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FIGURE  b.1-1 
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Pcoqraa.  thole  iiuur.t  ol  incilutrs  costs  are  tun  nsrt 
insignificant  vhon  inertiztd  over  the  satu  10  yeai 
Poriod  us*-J  tot  the  equipment. 

rtovinq  aott  centralized  to  th*  «z/2C  configuration,  the 
tel*,  (.hone  cont  prelcaitates  at  <0*  ot  the  cost,  and  th. 
total  systux  cost  increased  7*  over  toe  13h/20 
configuration's  xiniaua  cost.  Any  further 

central i*at ion  results  in  cor.si d* cablv  ioi»  costs  as 
cuuuucat  Lens  require  aor«  lino  ailts  of  service.  Tt 
should  be  noted  that  th*  maintenance  Costs  will 
probablv  be  loss  tnnn  the  ?0*  rate  used  thrcuihout  this 
study  because  of  t ho  consolidation  c£  equipment  at 
lever  sites  as  aero  centralization  is  reached.  put 
this  has  little  effect  on  costs  because  aaintenance 
represents  about  rl  of  the  total.  i  10 t  aainttnancu 
reduction  rntults  ir  a  2.5*  decrease  in  total  ccst. 

Zl  one  examines  Figure  h.  1  ?  in  the  sat"  vav,  it  c-n  bo 
seen  that  t h«  ainiaua  cost  tails  tstvean  the  *3/20  and 
1jb/2G  rite  configurations.  But  this  ainiaua  is  not 
significant.  A  relatively  tlat  ccst  tejion  exists  tron 
‘he  21/2  configuration  to  the  13U/20  configuration. 
'.ms  is  aainly  due  to  the  significant  increase  it 
•.guina-'nt  costs  and  the  associated  xaintenat.ee  costs. 
The  r«  laticrouir  ct  t«lefhcr.f>  costs  shifts  t  h<-. 

point  vh >re  t*  lr phare  costs  predcrinatt  back  to  the 
21/20  site  cont lg ji at  ion . 


5dt>i  h«9fi  Itnismoi  legalises 

I  t'tui“  .1  1  also  shove  ar.  interesting  factor  relating 
to  th i  :i**  base  Processor  sit.  distribution, 
fxaxin.ng  th«  ditferenco  betveet  th*  tctal  costs  of  the 
21/2  and  th-»  .1/20  configurations,  it  can  be  seen  that 
th*  total  costa  are  about  the  sale,  uhwther 
centralizing  th<  wata  base  Processors  at  2  sites  or  at 
2C  .i  tes.  "ovever.  the  21/">0  contiqurat  .on  has  sore 
than  tvicc  as  aatv  Data  bast  ttuctsaors  as  the  21/2 
nvtvork  (fail  soft  reaulrexents  result  in  dual 
equips-?nt  at  cites  vher®  only  single  units  are  heeded 
for  service).  This  aeans  that  the  20  Mti  base 
Processor  sites  viil  have  grovth  potential  at  no  extra 
cost.  Further  dcccntr alization  to  sore  thaa  tv^nty 
'  ata  Past  krocossor  sites  breoaes  undesirable  sinco  the 
extrj  Fata  Paso  Processor  equipxent  is  very  costly 
coacaced  to  VfP  units.  for  eiaaple,  if  the  *3/20 
con l  iqut at  ion  vere  changed  to  X3/U3,  the  equipaer.t  and 
aaintcnance  costs  vou  Id  increase  bv  aonthlv  vhil~ 

the  ccaaun  icat  ior.3  costs  vould  drep  only  f  10 K  du«  to 
the  rcducticn  rn  ccxput*r  to  computer  lines. 


*.  h«  rc  ate  cthei  factors  which  faver  a  20  ..it*  lata  iFas* 
processor  configuration.  the  first  is  thw  co  location 
wttn  the  Ff  325  Hodel  1/ II  facilities  sitos). 

fine#  the  3ata  Base  Processor  function  say  be 
accoapliohcd  t>v  the-  I3is?S  if  sufficient  capacity  is 
available  ot  provided,  this  conf i qura t ion  i ideal.  It 
separate  >ata  Base  Processors  arc  needed,  then  the 
ci>  location  with  tut  1  i 'FS  provides  the  local  tie  In  to 
the  autcaitico  system  for  receiving  another  proluctu 
and  handing  r  light  plan  routine  transactions 
autosat ica 1 1  y.  It  should  be  noted  that  the  V?  S 
alternative  cont id ura tions  eith  the  20  sitr  "iti  Uas- 
Procissocs  ail  chscive  .\r*Cc  boundaries  ter  tre  V-.S 
not #0 it  which  each  Data  base  Prccessor  site  services, 
'his  preserves  the  cor  an  1  *  ’CC/F’S  relationships  an) 
center  iui  isdict ion. 


rwlfcbaat  Anuajriis 

’’his  is  the’  tost  iapertant  area  of  this  stuJy  sinci  ♦he 
coaaunicat ion  co^ts  prelosinate  acst  of  th»  t  iterna  t»  vr. 
configurations.  is  stated  earlier,  the  cos putcr  ired 
anilvsis  focused  around  the  F  X  /T  L  F  A  K  ecu  ur.ica  tior. 
ntos  since  these  at#  the  Boat  econoalcai  lines 
currently  availatlc  and  widely  used  by  tin  goverr.aqr.t 
tolay.  '  he  total  systoa  costs  produced  usir.u  FX/.T  ..-AK 
results  in  tbv.  ainiaua  cost  let  each  cent igutation 
conpated  to  either  hh*.  S  or  fx/ATS'i  rates.  Figure  c.  3  1 
is  presented  to  ail  in  visualizing  th»  t» i* phone  line 
wilts  and  cca» un icati cn  cents  tot  th»*  various  V 
configurations  stuli-1. 

ixoaining  the  ft  lire  si  lvage  curve  first,  it  can  1m* 
seen  that  mileage  raiidlv  decreases  as  the 
con l igurat ions  beccae  tore  decentralized.  n  u  is 
intuitive  if  the  dip  ouster  of  lines  are  reguirou  to 
provide  the  oa ac  V.I  service  l«vcl  via  FX  lints  tetwe#!. 
the  local  FIS  and  the  Vi*,  rguipaert  alter.,  providing  a 
1  *  oeak  hour  busy  signal  level  of  VP S  aorvict  at  each 
Ft  ij  ltidapcnlent  of  ft  iir.e  configuration.  *his  is 
not  true  tor  the  •KZ“-  lin»  service  approaches.  w l. 

service  is  essentially  independent  of  thu  enact  ill  tge 
or  the  «nct  peik  heur  concentration  of  cails  fro*  a 
given  area.  Interstate  HATS  costs  art  based  on  zones 
whicu  are  crudely  related  tc  the  ndius  distances 
oetween  the  callet  and  the  WA' h  location.  he  cost 
implications  of  «\Ii  alternatives  will  Ik  discussed 
later  in  this  occticb. 

The  FX'Teiiak  costs  are  bar.»d  upon  mileage  and  a  f.tel 
cost.  Cne  can  see  that  tnis  FX/*f£I?AX  coat  c  irvo 
closely  parallels  the  ailcage,  reflecting  in  this 
ovtrlaved  gnph  an  approximate  unit  cent  of  11.00  per 
ailc.  The  fixed  cost  for  termination  charges  can  be 
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seen  to  hove  mote  o:  an  effect  on  tne  decentralized 
con£ igurntions  where  line  mileage  costs  are  low.  The 
cross  a»tr  foint  in  this  tiqure  is  at  the  21  VS  .it- 
conf  igjr.it  lens. 

in  contrast,  it  car.  be  seer,  that  FX/AT6.  costs  lor  the 
same  FX  lino  ailoagu  are  considerably  sore  expensive. 
Average  cost  p»r  silt  is  4“*  that  of  th-  FX/*-!.rAK  coat 
for  tho  4J/2  configuration,  for  example.  '"his 
significant  difference  is  very  important  because  the 
telephone  industry  is  attempting  to  discontinue  '"'.L2AN 
service  in  thi  ntar  future.  Jf  I'l.'AK  is  discontinued, 
the  replace  man t  service  «av  be  closer  in  cost  to  the 
FX/ AT iiT  rites  than  the  fx/'llFAK  rates.  '"his  change 
would  undoubtedly  have  a  rrotcunl  iapact  on  a  V«.S 
National  T  molesent  ation  Plan.  Jpcciiical ly,  the 
imposition  ct  higher  communication  rates  will  strongly 
tavci  greater  decentralization  where  telephone  lino 
mileage  is  ainiaized. 

•teioie  looking  at  what  impact  zX/A'ut"  rates  have  on  the 
va.icuj  V  v  alternative  coniigutations.  it  is  necessary 
to  place  •  A*  ?  in  peeper  percpective  in  this  3tudy.  A 
MA'T *  centralized  network  otters  one  valor  ber.eiit  to 
the  ilternativo  configurations;  it  peroits  fewer  Vi  .3 
umtj  to  hanJlo  th«  national  peak  hour  Jaaard  and  still 
provides  only  i  1  x  chance  ct  a  caller  receiving  a  busy 
•tiunal.  Ibis  in  simply  due  to  the  concentration  of 
lines  such  that  fuller  utilization  is  achieved.  Phis 
contrasts  with  the  fx  line  approach  which  woull 
dedicate  j  fired  number  oi  lir.ts  to  an  T3  an!  ever.  if 
these  lines  w*.  ic  net  Lu„v.  they  wcuid  ti  unavailable  to 
service  another  P5T ’s  local  demand.  Aa  a  result  of 
this  lullur  utilization,  the  centralized  ‘ 5 

conf igurat iop  coul  1  serve  tnc  nation  with  approximate ly 
halt  th»  number  cf  lines  compared  to  the  FX 
configurations.  hut  the  pioblca  with  this  national 
KA'i  approach  is  the  cost.  First  of  ill,  no  full 
service  interstate  ITS  is  available,  only  measured 
SV  ...  ’  he  largest  capacity  service  Offered  is  2u0 

hours  per  montn  «A  1  which  rc,pres«.nts  only  0  hours  p«r 
dav  of  ucr vice,  20  days  per  men »h.  Any  service  above 
this  limit  is  charged  at  a  (lied  rate  pec  hour 
additional.  vor  comparison,  an  interstate  w A*“ ^  co3t 
has  been  plotted  on  Tigurt  1,  “his  point  (fer  the. 

1/1  configuration)  assumed  only  240  nours  of  service 
pel  month  (a  very  lew  utilization  assumption),  tons  ? 
rates  an  1  half  the  number  of  linns.  ,tt>  line  cost  is 
over  17  times  that  cf  the  FX/Telpak  124/20 
coni  igurat ion  communication  cost.  It  is  obvious  that 
it  is  net  cost  effective  in  any  way  since  the  savings 
in  equipment  costs  have  little  effect  in  offsetting 
this  imbalance. 


he  other  possible  4A"  „  cent  lquration  involves  oi.lv 
intrastate  zVrS.  ?liis  service  is  offered  vi th  full 
service  rates.  *  he  utilization  levels  for  intrastate 
bA.S  canr.ot  watch  interstate  kA'-"  since  only  th«- 
callers  in  the  specific  state  can  access  this 
intrastate  service.  it  is  estiwated  that  oUS  of  the 
nuater  of  FX  lines  kill  provide  10 A  busy  signal  VA  S 
peak  hour  service  level.  the  point  plotted  on  figure- 
f.J  1,  to  tha  right  of  the  43/20  configuration  data, 
roprasvuts  tun  cost  01  such  service,  ‘"his  point  is  in 
offset  a  38/20  configuration  with  a  group  of  intrastate 
b  AT  "  lines  located  in  each  of  the  48  continental  >!.•., 
states.  2 1  can  be  scon  that  thic  cost  exceeds  the  cost 
ot  the  FX/A  s’  approach,  ’be  reduction  in  equipstnt 
and  «a into  nance  costs  would  not  change  this 
relationship. 

Cne  wa  lot  discrepancy  in  ccwpanng  WA'S  and  CX  service 
approaches  wuat  ht  addressed  before  woving  cn.  The 
cost  to  tire  user,  tho  pi  let,  vaiics  depending  upon 
whether  hr  has  1  cca  1  call  access  to  tr.  p*f..  Tf  he 
call:;  long-  distance  to  reach  the  FSS,  then  t tie  if 
approach  costs  hit  lomy,  while  the  toll  tree  wAV.‘ 
approach  lo^s  net.  Currently,  the  walct  FTT's  across 
tne  nation  provide  additional  FX  and  k\TS  lines  t*yond 
its  local  call  range  tc  supplv  added  toll-free 
services.  i'ns  extended  coveraqe  costs  a  pproxiwatc  ly 
i 1 8  A  pec  ronth.  Not  all  of  those  extended 
consumed t  ron  lines  are  related  tc  the  V!  ’,  PA'  HAT,  and 
’•3  uses.  Assuwing  that  Bit  or  these  linos  arc 
refute. I  to  this  study's  services  and  prelecting  thr* 
increased  dewand  grewth  to  196f,  the  cc  at  of  expanding 
t.iis  coverage  is  estiuted  at  J?00k  per  wonth.  This 
aicunt  car.  be  idld  to  the  IX  cor  t  iguratior  costs  to 
compare  with  k'.TS.  "he  result  does  not  change  the 
..enefits  layering  the  decentralized  contiguiatior.s  over 
*  3. 

o  suwrarize  this  telephone  cost  analysis.  Figure  (.3-2 
is  presented  slowing  the  total  systua  costs  tor  tho 
various  oonf  ig  irat iens  with  the  nen  voice  recognition 
design.  The  cost  significant  point  shewn  by  these 
curves  is  that  if  the  cowaunicat  icn  costs  increase  to 
tho  FV/A  £  rates,  then  the  cost  saving  advantages  of 
going  to  'he  1?4'20  conf igurat ion  alternative  is  e»»n 
greater  than  the  FX/lflFAF  apptoach.  *hi«  indicates 
that  there  is  less  risk  in  terns  ot  lapact  fro*  future 
telephone  operational  cost  increases  with  the  optiwuw 
134/20  alternative  than  th«»  wore  centralized 
configuration.?.  "  n  the  sane  tanner.  Figure  6.  3  3 
presents  tho  vaic*  recognition  avst^i  costs  results. 
Again,  tn>  increased  ccwwunicat ions  costs  favors 
greater  decentralization.  .n  this  case,  however,  tho 
litfurences  uo  lea*  si  in i f  leant . 
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Legend: 


$48(1M  S3500K  ® 


Inter-State  WATS 
240  Hours/Month 
Serv  ice 


.  FX/AT6T  with  Adjusted  Local  Costs 

—  •  — • —  FX/AT&T  System  Cost 

-  -  FX/TELPAK  with  Adjusted  Local 

Costs 

-  FX/TELPAK  System  Cost 


S240M  S2000K 


SI  SOM  $150 OK 


5120M  SlOrv’K 


Factors: 

1986  2.5  X  PB  peak-hour 
Average  call  6  minutes 
10T  husv  signals 
VRS  unit  cost  S100K 
DBP  unit  cost  S125K 
Maintenance  20Z  equipment  cost 
Fall-soft  configuration 
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FIGURE  6.3-3  -  COMMUNICATION  COST  ANALYSIS  SUMMARY 


(VRS  unit  with  voice  recognition  added) 
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li*:  require*  .nt  tc  provide  tellable  V  '  o  operation  i  .1  a 
tail  sott  joltt  results  it.  additional  aiuipaent  (at  tao 
iraiiauj  d  'Centralized  network  conf  igutation.-.  ii<-  -jn 
exaaine  the  iapuct  ot  this  additional  *quip»e*nt  or, 
total  j  oast  in  .  igure  (.4-1.  In  general,  the 

ainiaua  cost  systc*  teauir.s  tur  1 2 ii / 20  com  i juration. 
Kith  ot  vitncut  dual  equipacnt  at  sites  not  requiring 
sue ft  t 01  leaard  servicing.  Cne  can  cliarly  se«  tnat 
the  requireaonts  £01  tail  sott  u.j.,  eultiple 
eauiPMit  >t  every  site)  has  note  iapact  uron  the 
decc ntt al 1 zc J  configurations  where  each  V\?  site's 
detail)  can  be  readily  serviced  by  a  single  32  channel 
Vj»S  unit.  lowevcr,  it  should  be  point*  )  aut  tnat  at 
taesc  decentralized  sites  the  ertia  V*  :  unit  has  a 
capacity  which,  in  £)t«ci,  takes  th*±u  tit«=s  tally 
redundant.  .his  aeons  that  instead  ot  foil  soi  t 
operation  at  a  lessee  capacity,  these  sites  have  till 
capacity  then  operate)  on  the  backup  syst<-t.  '"o 
caapletc  th>  picture  (or  providing  a  (ail  saf * 

capability  by  addin)  one  extra  unit  at  oVt-iV  site. 
Figure  (.4*1  his  a  curve  shoving  this.  It  can  be  soar, 
in  the  decentralized  reqion  that  rail-sa:*  is  only  a 
stall  incretent  tore  expensive  than  tail-sort  and  that 
it  tav  fee  worthy  ot  consideration  it  ;to  systoa 
legiadatian  can  be  tolerated  unen  cne  unit  fails. 
Figure  c.h-.  has  been  prepared  to  ail  in  visualizing 
theso  fail* so ft,  (ail  sat*  itplieution  s.  T  n  tnis 

figure,  cr.  •  can  see  the  average  r.utner  ot  v  '  units  at 
eac*.  sit  fer  iiiiei-r.t  configurations,  with  or  without 

tail  soft  or  tail- xaie  requirements.  incc  ao*<  sites 

regjit,  aulticle  v.‘"  units  to  veet  its  service  lotds 
these  site;  have  an  inherent  fail  soft  capability  at.) 
no  additional  ur.its  ace  rwcuiied.  As  note)  or.  thus*? 
curves,  tne  percentage  ct  sites  vhici.  arc  inherently 
fail  soft  decreases  with  dc cer t ra 1 iz  1 1 icn  tc  a  lev  nf 
5.  (or  t  .1  i“2/2 0  configur  aticr.  his  1  :aJs  to  «r. 

latoitant  ou.ntion  as  to  whether  tnr  j .  ohinr.el  VM 
capicitv  taxes  sense  (ci  the-f  decentralize) 
configurations.  The  next  section  addresses  this 
juest ion. 


YLi  c bgn pci  ah)  i’t  UJSfllivt 

As  discussed  ir  the  hardware  section,  the  II  cnaht.el 
VT '  capacity  was  derived  tro»  the  prototype  V  " 
experience  and  thu  tccnnclogv  prolections  tor  1 ‘9?. 
The  nat  ic*  ot  the  VT z  hardvare  ott'is  iittl* 
flexibility  in  reduced  cost  due  to  roduced  channel 
capacity  since  oven  the  smallest  number  of  channels 
roauir»  a  complete  vocabulaiy  stocaqa  capacity.  '.his 
storage  device  represents  half  the  cost  of  the  V'T 
system.  Therefore,  reductions  in  the  nuaber  of 


Average  Number  of  VRS  Units  per  Site 


Legend : 

-  Fail-Soft  System 

— . — . —  Fall-Safe  System 
—  —  —  Basic  System 
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FIGURE  6.4-2  -  VRS  EQUIPMENT  MULTIPLICITY  ANALYSIS 


channels  can  oniv  affect  halt  the  cost.  Tvcn  her1',  the 
basic  logic  anti  ecssun  ica  t  ion  functions  ace  the  save, 
independent  ot  the  nusler  of  channels,  '!her*-f  or**, 
processor  ruquiresents  act  rot  reduced  except  in  tcras 
ot  Ijcter  r**quirei«-nts  and  processor  leading.  The 
basic  software  instruction  requirements  roaain 
unch  tr  ied.  it  is  theretcr*  concluded  that 

insignificant  savings  result  fro*  a  sialiec  channel 
svste*  tc  warrant  its  consider  at  icn  unless  large  voluae 
pro'.jctioii  factors  teccse  involved  tv  going  to  the 
ssaller  units  and  buying  rcre  of  th*-«.  '  o  see  if 

saallcr  V'C  units  sat.-*  sener,  let  us  exiaina  the  1'5C 
Doa«  hour  I  uand  estimates  ( 2 .  f  tiaes  projected  Tilot 
driefings).  .*  lq  ire  £.>  1  pnaents  the  grouping  nv 
number  of  lines  required  to  net  each  -light  Service 
"tatien's  V*  31  snvice  level.  ihis  tigur*’  indicates 
that  77J  of  tie  .'"r,s  n.*t>d  only  If  channel  capacity  tot 
v-jj  ui.it..  it  ctoiv  TCJ  (i .  e. ,  252/20  coat  iguration) . 

Tf  out  i  irfitvoi  the  Juai  equiiv.rt  r**quircaent  for 
ttii  so.t  considerations,  or*  conclud’ s  that  an 
M  chini.t  .  v  c  uize  is  r.tedri  ter  this  T*  S  pert  ion  of 
t«<  2^',/2C  configuration.  .his  repros-nts  4r2  V  * 
a  cl  mn*-l  units.  Trcauctior  voius**  decroa-.«s  arc  not 
likely  tot  this  nail  quantity.  "Ven  so,  it  is 
possible  I'l  l  1 1  the  tceer  raiti  and  this  level  of 
icoductior.  tnat  a  3  T  unit  cost  reduction  is  possible. 
It  one  tstJses  the  rcaaininq  sites  havo  at  least  iual 
32  charm* 1  units,  th«n  a  total  systua  cost  of  <3£8K 
pec  nonth  is  computed.  Tf  this  cost  is  compared  to 
l-iquie  f.1  1,  it  cat  i>e  set'  that  it  is  eoitpjratl**  to 
tho  1_**/.0  coni iqutat ion  costs.  he  comparison  is  not 
accurate.  ho»r*  c,  sir.ci  facilities  costs  will  he 
hiqnei  tot  the*  2  2/10  configurations,  hut  is  clos- 
or.ouih  to  c*-  conn,  let*  J  sciiouclv.  he  main  advantage 
offered  Lv  thin  split  22/b  chinncl  approach  lot  tne 
2**  V?C  >*ut(  :  is  its  reduce  i  sensitivity  tc  telephone 
rate  increa  ie  ;  because  it  has  the  least  ieng  distance 
telephone  sile-tqe  ot  all  lit.texr.  .he  one  it-advaniiqe 
l  ■>  tnat  it  has  little  gro«th  rapaLility  compile!  to  th« 
13d/. C  .ivster  since  the  nxallci  V.  units  ito  fully 
utilized  in  the  1955  service  environment.  Zo  help 
v lmi  1 1  i re  ♦hi^,  .  igucc  r.f  2  is  presented.  'lot*  that 
additional  channel  capacity  is  needed  to  servic*  the 
1  'til  demand  live!  if  t  hi  initial  i ipl* n :nta t ion  is 
si  si  d  on  tn«  15  *J<  de  sand  estimates.  ‘.he  13/20 
cor. t  iqurat ion  is  the  crossover  pcint  an  1  the  sort- 
5  istcibuted  con f iq ur a tions  have  sore  thin  adequate 
growth  capability.  Mthouqh  the  sued  d  and  22  Channel 
V  2  unit  sizju  show  a  considerable  excess  ct  capacity, 
thin  capacity  actually  exists  at  th*-  23*  of  the  V' r 
sites  where  the  32  channel  units  wore  required.  dost 
of  the  other  sites  wore  closely  sized  for  the  15^5 
demand.  riu  sine*  pcint  car.  be  seen  in  Fiqure  .5  2. 
“he  number  of  lines  required  actually  include.,  the 
compjtir  to  computer  links  along  with  the  desand  linos. 
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huj  th®  catv  -ilcp*  slightly  doynutri  to<  a  !  the 
CwnttaKi^d  onf i 4 u  i  at  ion. 


•  'i-Sb.l.Bul i 

io:;t  isportant  iu  - .it  lei.s  concerning  the  cotbi  in  1 1 on 
of  V.  0  pilot  be  lot  in  mth  a  VrS/PA'rfV'/  w  :p  jur»ic« 
is  tat  isract  >1.  jjitti  cost  and  the  Sensitivity  to 
.11 1  tcront  l:v  1j  cr  A  hir-  in  vice.  As  discussol  11. 

the  taunt  analysis  section  o!  this  study,  tn<>  fill 
'‘A  »\.  '  al  J  soivict  AH  gtCatci  thin  the  V  ~  pilot 
be  it  t  iir]  dt*\r.  i.  Bill  adding  At  to  i  doublo  th* 
nvst  c  cost  ?  [.on  abeut  i  apl*  »on»  1  n<j  o:i»»  th®  currant 
ri'wt’  in  I  .  v.-n  locations  |7  2  locations)?  tuui<  1 

EhoiVi.  th«?  telephone  ant  the  s»^tf  1  coats  ;oi  1'S€ 
!«atnd  Aoi  v  1 .  1  ous  levelu  of  '  1 "  k  4,S/fb>n.  "nr  rirv  o 
on  t  h  1 ..  figure  ;Lcw  an  lncccji*  of  of.*  20  t  in  c.yjt  * 
cost  tor  adding  full  "’A  »A.1/  •  *t»ic  over  no  ii  »A 
«  rvici.  "bib  is  less  than  the  JouMir.  .  01  c  Jut 

ipi'U1’  !  btcau-,-  the  liiic  V  i  »fbti  1  .  in- 

f  ul  sort  hi  1  Jure  coni  1  in  it  10c.  v  1  c  1 .1 1  ,  ioi>  >  1  ■  us 

capacity  tc  nur.dlt.  1  icrticn  ot  th  "v. 

iOt  v  ic  •  7  he  it  c  ui  v  c .  siii«  t  n a t  t  h«  mcr  it.  :,y  it .  a 

>;oit can  h®  ittiilot*  '.  aostly  tc  ccaaunicatior 
lnctoaNis  i.«e  1%  1  tc  ft o»i  Jf  t  h*  sfl  avail tul*  s<.  r*ict> 
lav,  1.  ’hi  j  !a»a  va.  computed  foe  t.n,  ‘*1/20 

COP  tl  4U.it  let.  ‘he  li«Cl«  a  J*  1  C<  t.  4  A  r.  g  I  A  OS  no 

’i  toll  iitticv  *  h  ■  »ori 

tvci ..  ti  a  1 1 1  1  )  con  f  i  1  a  1 1 1  lonn  till  it.oi  ntn  .,0.  in 
metcast  than  If*  T  because  1,  «  .  cc » t»ui.  lea  t  ior.  iine 
■  ilt’iq*  as  :nvciv»d  ai.  th.  ado*!  »iv>c  . 

"  r  att.ticn.il  tenet  i*  tetivts  trot  ccaoined 

V  _/:  AT  a  1  M'lVAC'-t  'in:  Ur.1  1  n  AS  tu  Sja.Ui) 

01  coasuuicdtior.  1 1  n>  s.  hr  call't  mil  call  >n  » 

fuabn  vh  -thai  m  require.,  v * ’  c:  '  A  at  n-.  mc«  and 
kill  inti  ■  t«  tint  i  tvict  h*.  t,  uu.  sts,  4.  ir  1  »  ith®r 

l  1  I  • ; .  .  .  1  •  Its  i  1  •  .  .  V  ,  . 

roccor.it  np  input.*.  t.is  shared  is®  01  linen  i;  n  .1 
Prott-jna  iipa't  on  th*  tiuarct  o:  lino...  "t  V  j  ant 
'A  vi’  1;,  n  put  at.  sv  .teas,  th®  Cuaoct  o:  lir."^ 
require)  ectil  s  total  aot*  than  t  net  t  ho  V*  *1  ln..» 
rcouirt  a-:  r.t.  hiiing  thc^c  lints  r*.«ulto  1:,  crly  c  rv  a 
inciea..o  *,r.  lin.s  over  ah,  Sf  ?  alert-  pe  tu  i  r  •  set.*  . 

If  o.ilv  the  current  "’A  aA'/'vff  locations  acu  Co  an  mod 
vith  v  anl  no  ether  alias  raccivt  ’hi*  service,  th-> 
".y-t.a  cont  met  asan  cr.lv  10  4  ilove  th>  V  ;  alone 

.v-t-a  costs,  '  n-  rujtct  ot  lirn't  aide!  Mould  iiicr*  a..  • 

l»v  28  i.  f.  a  3  Halted  r \A»A  ./  u.D  cover:;  only  72 
ait  is  out  of  .'  3  Ff/’s  or  only  .at  of  .the  stations. 

his  cerctentao**  soaouhat  aiuleading  in  ^hat  ucvucal 
*  ?  S  •  j  aav  tc  scrvel  by  one  ar«a  stivicc.  '  r, 

.uaaacv,  the  cost  of  iddinq  tull  ~A.UA?/.h.n  scrvica 
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natior.wiu.  se>-»s  cost  berittici.il  at  the.  3f)  <  cost 
increase  while  profiting  Bore  t  h  it.  Jouhli  the  j.«»r 
..orvicing  o»<-:  the  V'r  alone.  Howev.r,  if  the  cost:. 
Hi  constrained,  the  _conotic  advantiqcr  trci  receiving 
:u  of  th<"  ."wai'  natici.  a.  deaand  at  a  cast  inert  a  :<;  of 
onlv  10  i  are  .  vn  beneficial. 


' •  7  ilsiildg*  Cvrisjgsf  ..iijJih  AHdllsill 

heit  act  two  aaior  factors  which  have  a  diiect  att'cct 
upon  tut  systea  leading.  he  first  envious  factor  i.. 
the  ouaber  of  cali*>tu  cr  the  frequency  of  the  cili:;. 

hat  factor  wo;,  liacussed  in  tti  u.-aind  section.  .'he* 
second  factor  i:<  the  length  of  each  call.  As  discussal 

in  the  sale  ieaand  sccticr,  a  six  air  it  average  call 
length  was  selected  for  p  i«  hoar  doaand  cilia.  low 
sunsitiVv  is  turn  jv..raq<_  call  length  n  atlcrti..!  th 
total  ..vstet  cos*  a;  !  tin  osscciitc)  cor  in  icat  tops 
r  ecoiraacntr  f  hi..  analyst.,  t  xorci.i  d  th  *./.0 

configuration  to  aetetun*  th.  effects.  'igure  .  ?  1 
Uiitnts  the  results.  inspection  of  tms  figure  shows, 
that  the  change..  ar«  lit.,  it.  Tnc  cbinj«  in  ,ty  !fni 
cor-ts  it. crease*  hy  Iff  ai.d  let  fer  the  inci.  u.  tco*  4 
to  6  and  i  to  6  nuut.  average  lengths.  'he  ~  to  f. 
iiuutc  cnar  io  represents  a  lOCi  increase  in  call 
length,  v  t  the  conuniottiotis  ccsts  increase  only  10 • 
an  1  the  total  r.ystea  cost  only  3:«.  he  ~0\ 

coaaun  tea  1 1  oa  co^ts  ucu  t£<  is  directly  related  to  the 

C 1  increase  in  ruafti  cf  telephone  lines  reuuiiid, 
lie  u,  as  in  th.'  previous  'ectior.  i.  f,  *bo  effects  of 
available  capacity  of  tnc  basic  V  S  sites  accCaeodat* 
such  of  the  char,  iro  in  demand.  ?nlv  the  t'lephon.- 
ltn«s  net; a  to  be  involved  in  these  costs.  ui>  is 
trulv  advantageous  for  a  national  vr'  lap  It s  nta tion 
oinot  the  tel  phone  lines  can  l«  adled  when  th**  d.-nond 
growth  and  t  h<*  increased  user  average  cill  lengths 
require  thca,  his  advantage  exists  for  tf.o 

If  centra  1  l  2..  1  cent  i  mat  i  ors  where  ther-  r;  excess  V  r 
ji.  inntl  ciptcitv.  he  centralized  cod  t  igurat  ions  vnM 
reguii-  picpcrtioial  increases  in  equipment  ccsij  ini 
cob  a  ir.  ica  t  ions  coi.tr  is  deaand  lead  increases. 


".0  ijityrw  K«.r  -.rviss  Anaims 

fox.  oi  the  growth  aspects  of  the  various  VIC 

alternative  coot  ig  ura t ior. r  havt  ilroady  iivfn  discunood 
in  the  pr  .vices  trade  eft  discussions.  figure  9  1  is 
presented  to  illustrate  one  of  the  ta  lor  factors 

discusoeu,  tn<  growth  cost  factors  >t  a  decentralize! 

conf  tgunt  icn  (114/20).  a  i.iiua  decentralized 
cor.f  igurat  ion  (43/20),  atd  an  F.'IS  con  f  iq  orat  ion 
(21/20).  'in  curveo  snow  that  the  aaior  coot  increase 
to  xcet  the  1i»!  deiand  level  ate  *  he  cot  o  uni  cat  ion.. 


6-20 


s 


$  12CM 


$6nn 


4-Mintite 

Average 

length 


FIGURE  6.7-1 


Total  System  Cost 


Legend: 

A - A 

0 - 0  Telephone  Costs 

Factors : 

1986  2.S  X  PB  peak-hour 

Average  call  6  minutes 

10Z  busy  signals 

VRS  unit  cost  $50K 

DBP  unit  cost  S12SK 

Maintenance  cost  20Z  equipment  cost 

Fall-soft  configuration 

No  voice  recognition  capability 

41  VRS/20  DBP  configuration 
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costs.  ’io.i  tan  21/20  configuration  has  adequate 
harduarc  capacity  at  fail  soft  status  to  handle  the 
increased  demand  over  the  1?P£  implementation  level. 


.  .'Ua^ed  ifpJsasoiaii.cD  Aiialjs?is 

"a.  next  malsr  factor  ol  this  trade  off  analysis 
concerns  phased  or  partial  implementation.  Figure 
£.-  1  lisplavs  the  results  of  phasing  th  • 
implementation  of  the  Uj/LO  configuration  by  selected 
portions  of  nation.  he  first  partial  implementation 
consider*.  I  is  based  on  the  3  As.'CC  teqions  representing 
the  busiest  centers  in  terns  of  pilot  hr  is  fin] 
lotecasts  (i.e.  ,  Washington  2C,  fort  Worth,  and 
Atlanta).  Ihc  second  phase  selected  is  the  1b  IDtCC's 
scheJuied  to  receive  the  Model  1  and  II  FaDPS's.  "hose 
t«o  levels  lie  plotted  against  the  full  conterminous 
*1.2.  implc  mentation.  hxamininq  the  curves,  it  can  be 
.km  n  ta.it  equipment  and  maintenance  costs  flatten  out 
si iqnt  1  v  as  cn«  approaches  full  i ipleaent a t  ion.  .his 
is  act  surprising  since  the  least  busiest  centers  arc 
implemented  last  and  require  less  capacity.  ~hcse  last 
tree's  tend  to  te  in  the  least  populated  regions  of 
the  nation  and  theta foie  one  can  see  that  sore 
telephone  mileage  is  ievoivcd  in  reading  the  deaar.1 
areas.  herefort  ,  the  conun icat  ions  cost  slop'' 

increases  iou  rapidly  as  full  implementation  is 
approached.  .  r.  torts  of  detand  served  by  these  partial 
l trlot* ntat ions,  the  three  center  implementation 
computes  *c  It*,  of  th  national  demand  serviced.  *  hiec 
ce'.ttrs  r’ci^i-ent  I1)*  ci  th-  70  A.’lcC's.  the  la  center 
i  iplct*  ntat  ion  services  h1.  *>  of  the  national  demand  and 
ropr*- 6onts  oh*  of  the  centers.  *hes»e  percentages 
indicate  that  the  demand  levels  may  Le  (airly  uniform 
in  t*r*s  of  y  system  costs  throughout  th«  A  Cv's. 

? lottej  on  rid'ir*  S.  /  1  are  the  system  costs  for 
paLtial  1 1  p  le  me  n  t  a  t  ions  of  a  full  “Aik \S/*w  :P  demand 
level  MltiCQ  (l.c.,  2.5  times  Pilot  briefings)  as  Nil 
as  th-  1.2  l  *P  ♦  current  *  K\  It  Ah  demand  level  service*. 
„t  can  be  seen  tout  the  increased  level  of  t>tvlc«  does 
not  change  the  linearity,  lust  increases  the  coot 
uniformly  as  expected  in  adding  VT1  capacity  and 
telephone  lin»*s. 


1  *quUf«<lt  Muintwhaocsl  20ftlJ*i3 

<*  significant  effect  on  the  alternative  system  costs 
can  be  seen  in  varying  the  cost  of  maintenance  from  20% 
of  csulm^nt  cost  tc  1 C %  of  equipment  cost.  Figures 
e.10  1  and  i .  10  2  illustrate  this  effect  for  the 
ncr.  voice  recognition  v  *;  design  and  the  voice 
reccgt.it  ion  V*S  lesign,  respectively.  If  maintenance 
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Monthly  Cost 


.  1.2  X  PB  ♦  PATWAS  Total 

System  Cost 

-  Total  System  Cost 

-  Telephone  Costs 

_ _ _  Equipment  and  Maintenance 

Cost  s 


$1500*  #• 


Sionott 


Factors: 

1986  2.5  X  PB  peak-hour  (except  ... 

Average  call  6  minutes 

10Z  busy  signals 

VRS  unit  cost  $40K 

DBP  unit  cost  S125K 

Maintenance  cost  20X  equipment  cost 

Fail -soft  configuration 

No  voice  recognition  capability 

41  VRS/20  DBP  configuration 
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1986  2.5  X  PB  peak- 
Avcrage  call  6  nlnu 
10T  busy  signals 
VRS  unit  cost  $40K 
DBP  unit  cost  $125K 
Fall-soft  conf lgura 


coots  can  ti  lowered  to  tha  10'  level,  tho  tininaa  cost 
alternative  moves  toward  the  decentralized 
configurations.  'his  effect  is  relate!  to  the 
concur, icut  ion  root  predominance  when  cguipaor.t  a:.  1 
•  aintcnai.ee  *<>sts  are  seall^r.  The  efrert  is  toio 
significant  *or  the  voice  recognition  design  as  wuil! 
:>e  «xp*ct*d  du«  to  the  higher  VRS  egmrofe  nt  cost. 


M  W  ;jitg]  ^*3431£i!ilOE  Mtvpri  t^ rta tij/g 

M  i  of  *V  l.ar  Iware  configurations  presented  m  Chapter 
n  cour.il crod  a  digital  lata  coa»unicatioi;  concept  with 
decentralized  "PC  <guip«ert  connected  o  a  VT/ib** 
coaposlt-  oumpa  nt  site  via  digital  telephone  service. 
Currently,  ci  Iv  r3  cities  hav«  “atiphone  Digital 
'uvic*  offered  bv  .’6  and  ?  •  on  cities  arc  plar.r.ud 
to  oe  a  Ido  1  to  this  service.  *inc«  not  all  V cities 
will  li  '  serv  -l  ir.  this  •inner,  hybrid  notwoms  oust  be 
lev- loped.  "hu  two  likely  hvbrid  configurations 
c * aaii.ed  arts:  (“c3  ?K)  (134  ire)  (20  :ur  6  V*C) 

cor.  t  rgu  r  at  i  on  ;  »nl  (2*53  FX)  (&3  1 "  C )  (TC  DC'  6  vf  j 
configuration.  ’’or*!!  rx/"  T  r.tK  tavic-:  is  assumed  f  or 
rejr.iii  i  .li  r<  aot*  'SS1  s  fro*  the  y~~  containing  the 
TO  voice  g  nor  at  ion  equipsent.  n  turn,  those  TC 
«?itct  am  served  hv  TO  'S  Fr  locations  which  contain  a 
support  sv  stoa  coatiining  the  V  r  anl  B '  functions. 
rm •. o costs  used  wore  eatinatsd  as  follows:  TO 

us  T  cos*..  '  f  for  ~2  channels  with  ton’  input  only  (no 
rccoqiition  capability)  and  T'p  f.  V  T  unit  costs 
ibout  iiOO'  to  s*cvic«  about  230  channels.  "’he 

analysis  ass  i*.  1  that  l.'OO  bits  ccr  seconl  L? C  data 
rates  will  b<*  adequate  tor  voice  guality.  A  «on» 
cor  s.*cvat  i  vc  c  itirate  woul  d  he  abut  ’000  bits  pet 
second,  tut  *his  would  driv^  the  digital  co««uncat  ions 
to  a  prohibitive  lev*  1.  he  results  of  those  two  ).?C 
cor  r  i  jurat  r  on  a  ar“  presented  In  Fiqur:  3.11-1  along 
with  thg  svstea  costs  for  the  non-digital 

con  f  i  jurat  ions.  't  can  be  seer,  that  the  digital 
concrp*  Jots  ret  offer  an.  v  mu  lor  pen  >f  its  for  thi-s 
national  i vple aenta t ion. 
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_ I.PC  Digital  Communication 

Concept  Total  System  Cost 

_  Total  System  Cost  for  Non- 

Dlgltal  Alternatives 

Factors; 

1 98b  2 .  S  X  PB  peak-hour 
Average  call  6  minutes 
101  busy  signals 

Maintenance  cost  20S  equipment  cost 
Fall-soft  configuration 


2  21  21 

43 

jg 
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2  2  20 
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20 

DBP 
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FIfilJRF  b.11-1  - 

COMMUNICATIONS 

ANA1.YSI  S 

?.  ccsciaa:v»5  ms  EifiWjiJhflAUSis 

The  h  ig  n  ccst  of  providing  voice  recognition  capability 
in  addition  to  tone  input  does  not  appear  to  offer 
enough  benefit  to  warrant  consideration  for  an  initial 
national  VBS  i ipleae ntat ion.  It  is  recoaaended  that 
only  tone  input  service  be  lanleaec.ted  first  ar.d  that 
voice  recognition  be  eraained  tor  iapleacntation  as  an 
enhance aeut  when  its  technology  and  costs  nccoae 
beneficial  tor  this  application.  The  following 
tecoaaendatiOBs  are  theretorc  based  on  a  tone  input 
capability  V?S  design. 

The  results  of  the  trade-offs  discussed  in  the  previous 
chanter  shoved  that  a  relatively  flat  region  of  svstea 
costs  oust  for  decen  tral  1  zed  configurations  ranging 
froa  the  4)  to  ISO  V1.S  site  alternatives.  It  is 
recoqmzed  that  there  are  additioaal  considerations  and 
benefits  which  aust  be  coasidered  in  narrowing  the 
Solectron  within  this  cange  ot  alternatives.  This 
narrowing  war.  net  scoped  tor  this  study  but  is  planned 
to  bo  addressed  in  the  National  VFS  lapleaentation 
Plan.  In  lieu  ot  tactoiing  in  benefits  as  well  as 
transition  considerations  involving  facilities,  staff, 
and  operational  constraints.  the  following  technical 
recoaaend it  ions  ait  presented  based  upon  the  criteria 
•  taained  in  this  study. 

because  of  reduced  sensitivity  to  telephone  rate 
increases  as  well  as  imiaua  cost,  it  is  rcccaaended 
that  the  1)4/20  configuration  be  considered  for  the 
national  VPS  i ip leae nt at  ion  plan.  This  configuration 
offers  the  ainiauc  total  svstea  cost  of  all  the 
conf lourat ions  studied.  Approt iaate 1 v  164  vp s  units 
are  required  to  provide  full  service  to  the  nation  at  a 
I486  dcaand  level  with  the  1)4/20  contig uratioo  in  a 
non  fail-soft  aodc.  "he  eauipaent  should  be  aodular  to 
uerait  siasle  rcplaceaent  repair  at  the  operational 
site.  The  failed  hardware  prebleas  can  then  be 
repaired  at  the  aaintenance  depot.  The  Data  3ase 
Processor  rites  should  be  equipped  with  a  high  data 
rate  line  (9600  baud)  and  a  aultipleior  connected  to 
the  nearest  Data  Base  Processor  site  tor  backup 
purposes.  Pavbc  a  data  transmission  service  can  be 
utilized  fer  this  purpose  with  charges  priaarily  based 
on  utilization.  If  a  Data  Base  processor  site  suffers 
a  failure,  the  connecting  v ?s  units  will  be  switched  to 
the  backup  Data  base  Processor  site  via  the  aultipleied 
line.  The  backup  Data  Base  Processor  site  would  suffer 
soae  service  delays  if  peak-loads  occurred 
si au lta aeous  1  v,  but  this  should  not  degrade  user 
service  to  unacceptable  levels. 
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The  VPS  haidware  cont'i  qurat  ion  recoaaended  is  the  total 
solid  state  systev  havinq  a  «,  000- vocabulary  FOB  (or 
PROB)  voc*bularv  stcraqc  unit  and  no  voice  recognition 
subsvstea.  Voice  recognition  eguipaent  will  be  aore 
than  1.5  tiaes  the  cost  Of  the  rest  of  the  Vf S  units  of 
VidJ  vintage.  The  convenience  of  voice  input  to  users 
of  the  svstca  is  net  denned  advantageous  enough  to 
lustirv  the  cost.  The  user  can  input  VRS  requests 
using  increasingly  available  tone  telephones  and  tone 
devices  while  t ho  FATWAf  caller  can  use  citner  the  tone 
inputs  or  the  "click"  input  ot  a  rotary  dial  telephone 
to  kev  the  desired  FATWAS  route.  If  at  sone  tiae  in 

the  future  (e.g.,  in  five  years)  voice  recognition 

devices  tecone  equivalent  in  price  to  the  voice 
response  sutsvstca,  they  can  be  incorporated  into  the 
svstca. 

The  channel  sizinq  of  32  lines  per  VT.S  unit  is 

recoaacndcd.  This  is  based  upon  prolocted  hardware 

technology,  sit*'  deaand  level  prolections,  growth 
capacity,  the  1J«  site  con f iq urat ion  and  a  liaited  15* 
cost  reduction  estimated  tor  a  50*  reduced  size  unit. 

All  hardware  purchases  should  take  advantage  of 
coaaonalitv  with  Bedel  1.  11,  and  111  sytea  coaponents 
and  processors.  Such  coaaonalitv  will  reduce 
aaintenanee  costs,  training  and  inventory  reguneaents 
tor  national  VPS  operations. 

The  last  rccaaaen Jut ioo  coacerns  software  developaent. 
Ail  new  software  developaent  should  Bake  aaxiaux  use  of 
existing  prototype  logic  designs.  This  approach  can 
expedite  early  iapleaentat ion  and  save  software 
developaent  cost.  These  savings  are  possible  because 
the  bulk  of  the  software  ot  the  VPS  coaputcrs  and  Data 
Dase  Processors  deals  with  the  save  products  and 
translations  now  existing  or  soon  to  te  iapleaentvd  on 
the  prototype  svstea.  It  is  unlikely  that  aalor 
cnir.jes  to  the  raw  weather  products  will  obsolete  the 
lata  process  ,q  uroorax  logic.  The  one  exception  is  a 
idiot  new  weather  product  eaplovinq  grid  data  and 
forecasts.  It  this  aaterializes  before  initial 
i id  leaen t a t ion,  its  processing  software  should  be 
relatively  staple  (coa  raced  to  frec-text  products)  and 
inexpensive  since  this  new  product  i.  specifically 
designed  for  eisv  autoaattd  processing. 
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FN.« 

IS.  1 

Oi'»n|«> 

4  1.0 

U.P 

*4.  F 

15s. 4 

l*NC*ST£  j 

'9. 0 

4  F  .  1 

Is*.  1 

sal  In* 

FF.* 

1P.U 

IS".* 

AHAOILL0 

••P.4 

10.3 

.4.(1 

I*«.M 

Huai  vC»OUT 

FP.3 

IF.* 

*1.  F 

1  U.S 

OAnO*iQ 

SP.  F 

19.* 

11. 1 

114.  1 

l*<£  CHAOt*:^ 

00.9 

PF.4 

p>7.4 

1PF.P 

rl  PASO 

SP.3 

IF. 3 

14. « 

IPS.  F 

G«rfa 

00  .  ? 

P©.4 

✓  *.«» 

M4.H 

SPOInOF IClM 

7*. 9 

?4  .  F 

34.P 

11  I.P 

I  \JC%OH 

A*«  4 

40.  *» 

lsF.6 

*<|ni  »»io 

F  )  ,  4 

P5.H 

IP. 5 

14F.  | 

Mil 1N«S 

FP.F 

P».S 

SO.* 

143.4 

joa»jo«f 

An  ,« 

P3.» 

t*  •  1 

>4*.* 

Aianoufoniit 

•»f*,9 

•■*4.* 

1*.S 

••4  1.4 

SANTA  AAWHAWA 

Fl.n 

P  3 . 4 

»■».  F 

*41. 1 

AUSTIN 

F  0.4 

30.  P 

1  4. 0 

PIS.? 

SAOriAM 

»l  .4 

P4.* 

11." 

PI*. 4 

0(MA 

40,  rt 

11.4 

IF.  | 

PF4.4 

SA(  ?  l  4«F 

44.1 

PF.3 

PS.* 

PF*.S 

r.Qrfu  H4f 

4».T 

P*.  1 

«0  ,  A 

P  F  |  •  4 

jArn^ON 

44.  S 

PF.  1 

M.4 

PS|  .  F 

•  NT  tv  III F 

?*.9 

IP.* 

PM. 4 

<ACO*4 

4p  .  4 

PP.6 

>3.- 

•'*“.  1 

rjrvi  o 

4F.P 

P4  .«• 

PI  .P 

P*s.S 

n£<  "I"* 

Art.* 

10.  » 

Pl.s 

P4P.  F 

f  i  sni  a  t 

44. F 

PI  .* 

pF.n 

;  t*.  t 

r.Ajft***  CITV 

4F.A 

PI  .0 

*  1  .  F 

>i".« 

14. F 

PP4.4 

r,OAN0  ro*«* 

PP.I 

PF.  1 

PP5.4 

r,or  a  T  F411S 

*  J.P 

PI.* 

31  .* 

PIP. 4 

041>.f  SvIllF 

4|.4 

1  F  .  4 

Jl.l 

P||  .* 

<4(14  **ll* 

*».l 

14.4 

•  1  ." 

P4M.S 

T  0  A  Vf  QSt  CUT 

44.4 

|F.P 

IS  .  *4 

P'lP.S 

OOf  ***N 

^a'I 

1  ".S 

11*.  P 

ConssvIiiF 

55. F 

14.4 

1  F.V 

1  *F.  1 

COl"M«*|A 

»F.* 

14.4 

P*.l 

I  IP. 5 

nor  c  *.’*00* 

44.  I 

IP.  3 

IS.  » 

1 1H.5 

FA  Of  MJ4«.l'l»" 

1>*.S 

P9.2 

14.1 

|4F.« 

•;OpTm  Pi  AT  IF 

4t»  •  0 

l  l.« 

3  F  .  6 

1*1  .? 

••ONTSO^C  Oy 

13.4 

PP.4 

1  P.F 

I**.4 

lift  1  4- 

♦♦  •  y 

IP.P 

l".l 

1  F".«* 

f MA©Lr^TON 

15.1 

PI. 4 

1  1  .4 

1  »  4 . 1 

*£•<4?  Cm£F 

13.4 

15.1 

*  1  .  F 

1  Fs.  1 

AO|SF 

IP." 

Pl.l 

IS. 4 

1  F».S 

'.OAnn  ;ii»iCT|(Vi 

16.  1 

IS. 4 

1*4.4 

luauntA 

jv." 

15. F 

I".  1 

|S«,.S 

T 1  F m  I  I  A  F  Alls 

1".  1 

14.4 

IF.? 

IS*..* 

•••KClt  SKOALS 

1".  F 

1  !.• 

>>.4 

149.4 

MlNOT 

11.  T 

1  1.4 

11.4 

154.3 

poFxcntr 

PS. 5 

13.  F 

*1.4 

151.4 

APPEND IX  B  (concluded) 


FACILITY  SAME 

fl 

FP 

AC 

SERVICES 

TALL  A'.AS^F  * 

1*  .* 

!*>.'» 

l-.A 

lb>.  1 

°Owi.  Jn r, 

?*  .  1 

IT. 2 

IN.O 

1  AO.  0 

la 

pe  .1 

1**.  1 

1  T  .  1 

l  A*,.S 

FArETTEVtLLe 

it.* 

l  i.  • 

IV. s 

1AS.5 

*C allEn 

2b. 4 

IT. 4 

1  1 .0 

1*2.7 

ABILENE 

PH.rt 

lb.  1 

1  1.2 

1*1. b 

2t.b 

l*.l 

20. b 

1  A  0  .  A 

$P0«  A*lf 

11.1 

1  3.b 

10.  T 

13  3.2 

•AAQOllE  T  TE 

10.1 

19.  * 

27.1 

112. H 

OOC«  $PQIm<i> 

?b.S 

o.O 

Ib.b 

l  2m.  1 

QE1  '-L'iFF 

27.  7 

V.  0 

11.  <l 

>27. *« 

«CnTTc^L'irP 

27. S 

0.  J 

11.2 

1  2/.0 

HONTOfL IE» 

1A.1 

17.4 

1  b.  1 

121.0 

fjALL’lP 

?J.  7 

l  l  .  T 

21.1 

120.} 

BEll INGmam 

1  T.O 

V.H 

21.  A 

1  OH  .  0 

“CilEBTEo 

27.0 

T.l 

22.0 

107.  V 

°U^LE  v 

23.2 

b.3 

21*  1 

10A.2 

osnjn  C  I  Tr 

2J.v 

19.1 

10.7 

1  o  « .  . 

«07E“AN 

?n .  2 

b.3 

PH  .  i 

VH.  1 

*»cr  ovp 

2b  .  '• 

7.-> 

1S.0 

v7.  r 

Pf  (V*ON(l 

2*.* 

5 .  b 

20.2 

Vl.A 

IOahd  fall* 

?*  .0 

b  .  1 

1  3.1 

«2.S 

BOSwf LL 

IV. 0 

T.l 

Ib.-I 

02.2 

CA«;pro 

21  .S 

T.l 

13.  1 

OT.  j 

p JFP«E 

l».n 

b.b 

21.  1 

Hl.b 

CETAu  CITY 

lb. a 

5.P 

IV. 1 

77. 1 

MOOT*'  of  MO 

12.7 

*.v 

20.  b 

b  7  .  *> 

B-l/B-A 


APPENDIX  C  -  FY86  PEAK “HOUR  DEMAND  ESTIMATES  FOR  20  FSDPS' 


APPFND IX  D  -  FY95  PEAK-HOUR  DEMAND  ESTIMATES  FOR  20  FSDPS* 


APPENDIX  E 


PSS  SUMMARY  DATA 


U»U  |-1 

mars  -  rss  data  fox  »LUU')ot»uut 

ANNUAL  1  *>'16  OfHANO 


STATt 

01STANCC 

1  TMOUSANDSI 

NAME 

rss  NAME 

COUC 

«mIlCS> 

PH 

FP 

AC 

ALBjOuEHUUC 

almuouCROuC 

JO 

A.A 

151.  3 

70.9 

79.3 

AL9>0uE«*O*Jf 

IAS  VCUAS 

JO 

0.6 

1S.0 

2.0 

19.2 

ALB'I  'JuCrf'JUE 

2 

a. 6 

166.2 

73. A 

96.  A 

AMAaULU 

AMAOILLO 

*2 

2TA.S 

109.2 

39.6 

39.1 

AMAUltLO 

tuCumcari 

JO 

27*. 9 

A  3 . 1 

32.3 

11.9 

A^AOIU.0 

OALMAM! 

*2 

21%  .S 

27.1 

6.0 

33.9 

AM AO  |  LL  0 

OAOC 

JS 

27*. 9 

2-.  7 

A. 6 

23.1 

AMARILLO 

A 

27A. S 

205.1 

70.* 

129.9 

CL  ®ASO 

FL  PASO 

♦  2 

23  J.  1 

132.3 

07.6 

90.7 

CL  PASO 

oCmino 

JO 

23J.I 

19.0 

7.0 

32.1 

CL  PASO 

truth  or  CONSCO  JO 

2JJ.I 

A.  A 

1.9 

1  A  •  A 

CL  PASO 

) 

233.1 

ISA. 7 

96.9 

97.2 

GALLUP 

OALLIIP 

JO 

121. 1 

99.9 

30.2 

99.9 

GALLUP 

l 

127.1 

99  •  9 

10.2 

59.9 

PMOCNfl 

PHOCNI A 

2 

333.1 

2*9.2 

119.0 

121.7 

PMOfNI 1 

9LTTHE 

A 

331. 1 

09.2 

*9.1 

90.0 

PMOINIA 

2 

J33. 1 

J  JO.  * 

10*.  1 

20J.7 

POCSCOIT 

POCSCOIT 

2 

297. S 

63.3 

19. A 

116.2 

PPCSCOtT 

1 

297. S 

63.3 

19.* 

116.2 

»OSmCLL 

OOSWCLL 

JO 

173. 7 

37.1 

!*.* 

21  .2 

•OSmCLL 

caul S8 ad 

JO 

1  7  3. 7 

12. A 

A. 6 

23.5 

POShCLL 

2 

ITJ.T 

*9.9 

19.0 

AA  .9 

TUCSON 

TUCSON 

9 

329.5 

93.0 

70.0 

A9.1 

TUCSON 

DOUGLAS 

2 

329.9 

37.1 

IS. A 

31  .2 

rue son 

2 

326.5 

120.1 

1  OS. 9 

79.3 

ALBiiOuCROuC 

1IS6.2 

622.9 

925.6 

non 


rss  SilHMtUT  l)AT 4  FOR  ATLANTA 


ANNUAL  1966  OCNANO 


STATE 

DISTANCE 

(THOUSANDS) 

NAME 

rss  name 

COUE 

ImIlESi 

PR 

rp 

AC 

ATLANTA 

ATLANTA 

l  0 

30.  S 

344. 1 

166. S 

67.1 

ATLANTA 

1 

30. S 

366.1 

155.5 

67.1 

OIUnISShAm 

RlRiilNONAN 

1 

U1.7 

197.2 

5B.4 

36.4 

BIRMINGHAM 

4NM I  *  ON 

1 

1*1.2 

116.1 

26.1 

54.3 

BIRMINGHAM 

TWSC*lOOSA 

1 

l  A  1  .  T 

T  1  .11 

23.2 

31.4 

BIRMINGHAM 

3 

141. T 

3*4.3 

106.7 

122.3 

CROSSv ILLE 

CNOSSWILLC 

M 

162.9 

136.3 

40.4 

50.0 

CR OSSVlLLE 

1 

1 02. R 

136.3 

40.4 

50.0 

ORtfR 

OMFCR 

39 

15*. T 

trtl.A 

57.4 

37.7 

GRttR 

ANOCRSON 

39 

l  SI.  T 

41.  1 

12.1 

35.1 

OREFR 

2 

isa.T 

225.1 

69. S 

72.0 

MlCAORY 

mICAORt 

32 

232.1 

266.6 

100.6 

**.2 

hICaOmt 

1 

232. 1 

>56.4 

100.6 

*4.2 

MACON 

MACON 

1A 

42*.  0 

66.6 

3B.  1 

37.4 

MACON 

ALBANY 

I'D 

42.1 

69.2 

20.4 

29.5 

MACON 

2 

42.0 

156.1 

SB. 4 

64.4 

MONTGOMt»T 

MONTGOMERY 

l 

U2.0 

6|.« 

55.3 

35.6 

MONTGO Mf Rr 

1 

142.0 

03.4 

SO. 3 

35.5 

ANOfVILLC 

ANOIYlLLE 

*1 

149.6 

125.7 

*4.2 

3*. 5 

ANOT V I LLt 

■MISTOL-TRI 

CIT  *1 

149.0 

40.6 

17.7 

0.0 

ANOl V ILLC 

2 

169.0 

164.2 

61.9 

3*.6 

ATLANTA 

13 

1797.2 

4S1.3 

*93.2 

run  n 


r»M-  rss  suhhaat  DAT*  run  host  on 

annual  I9fts  DEmanO 


name 

tss  name 

state 

COUE 

OISTAnCE 

(MILES) 

1  THOUSANDS  1 

PA  TP 

AC 

nINoSOA  L9C<S 

mI’WSON  LOC«S 

s 

ft?.  T 

391.9 

1  IS. A 

0?  .  A 

■  IN0SOA*  LOCUS 

1 

o?.t 

303.9 

1  30. A 

0?  .4 

BANf.OU 

AA.-4094 

IB 

|9S.  0 

7S  .  ft 

S7.0 

|9.S 

B4NGOA 

Ain.u'  r» 

IB 

19S.0 

01.5 

l?.l 

Oft.O 

HAN GO A 

MOW.  Tun 

1  A 

INS.O 

19.  ? 

1  ?.  3 

I?. 3 

HANGOU 

1 

I9S.0 

I5S.7 

10?. 0 

9?. A 

BOSTON 

NOS TOO 

?ft 

3S.? 

3B|.S 

??9. 0 

AO.] 

BOSTON 

CO-lf.OMu 

?A 

3S.? 

7S.* 

A3. ft 

OS.O 

BOSTON 

LEBANON 

?* 

)A.| 

OS. 7 

?ft  .  7 

A  |  .ft 

BOSTON 

»  ,  . 

30.? 

s??.o 

?9?.7 

IS2.0 

MONT  PC  Lit** 

mONTpEL IE  A 

AA 

1  IS. A 

3S.I 

•  S.l 

4S.S 

MONTPCUt* 

1 

1  IS. A 

3S.I 

AS  .  1 

AS.S 

UT|C» 

UTICA 

31 

)90.? 

TA.* 

s?.s 

1  9  •  ? 

UTICA 

GET  NS  TAELS 

31 

199.? 

31.7 

n  .9 

AS.S 

UTICA 

massena 

31 

199.? 

?9.S 

A3.S 

?9.? 

UT1C* 

NATEBTOWN 

31 

I«  J.? 

»?. 9 

II. A 

31.9 

UTICA 

TLMlAA 

31 

199.? 

no. a 

A  7 . 9 

39.3 

UTICA 

A 

|N3.? 

?9?.9 

|S7.? 

10A.? 

POSTON 

U 

1310.3 

TA3.A 

5?0.S 

F.-3 


Tin »  I-* 

non-  ^ss  V)«h4*t  pat*  fur  Chicago 

annual  1 9*At»  OEmAnO 


STATE 

DISTANCE 

l  T«OUSANUSI 

name 

rss  HAKE 

COOE 

(HILCSI 

MS 

FP 

AC 

CHICAGO 

CHICAGO 

12 

10.2 

A  1  A  .  0 

ioi  .s 

117.2 

Chicago 

POCkFOmO 

1* 

10.2 

12A.3 

30. S 

39.3 

CHICAGO 

? 

10.2 

7*2.3 

231.3 

156.5 

ceoah  hapios 

CCOAH  MAP I0S 

I* 

in. a 

101.2 

7u.a 

S7.0 

ceoao  uapios 

BURLINGTON 

1* 

173. A 

SO. 7 

30. A 

69.  1 

CEDAR  OAPIOS 

2 

171.  A 

2  SO. 8 

100.7 

122. 1 

OPEfH  bat 

(J.'CFn  bAT 

AS 

1  AA.S 

100.0 

39.0 

31.2 

GREEN  Bat 

wAIISAU 

AS 

ISO. ‘I 

OS. 2 

23.3 

53.9 

GQEEH  BAt 

2 

106.S 

l  AS. 2 

02. 3 

ss.o 

MILWAUKEE 

hIlma.jaEE 

•s 

03.6 

27S.0 

92.3 

*7.9 

hIlwaukEE 

1 

S3. A 

27S.O 

92.3 

*7.9 

south  B£hO 

SOUTH  BE nO 

1) 

103.7 

207.1 

70. A 

*7.9 

SOUTH  OE'iO 

FU*T  rfAT'iC 

n 

101.7 

12S.S 

*6.0 

29.0 

SOUTH  BE NO 

2 

103.7 

332.7 

1  16. A 

77.0 

CHICAGO 

s 

l 

7AO.0 

603.0 

*  A  A  ,  6 

E-4 


TAILS  1-1 

natt-  fss  sunnaot  data  row  Cleveland 

ANNUAL  I  999  OCMANO 


state 

OISTanCC 

I T  nOuS ANOS 1 

NAM( 

rss  NAHC 

coot 

i«Il£S» 

P* 

FP 

AC 

A|TT«AUMM 

pITTS''UOGh 

IT 

1 12. A 

292.1 

nv.o 

11.1 

PITTSWt/WGi 

AlTOQ  lA 

IT 

112.  a 

OP.P 

24.9 

AP.6 

PJ  TtSOu«»r.*« 

jOHNsTOwN 

IT 

1  12. A 

AT. 9 

it.t 

AM.? 

P|TT«;-'U*<ON 

T 

112. * 

AUS.S 

141.4 

12P.2 

Purr  alo 

PUTT  AlO 

It 

210. T 

229. T 

112. P 

2  T  .  9 

e-/fr*LO 

1 

210. T 

220.  T 

112. S 

2T.9 

CLfvCL*NO 

ClCvCla'iO 

]A 

20.2 

112.1 

201.  A 

1A.8 

CltvtLANO 

VUUNGGTOwn 

H 

20.2 

I  as.  r 

SO. 2 

IP. A 

CLtwlLANO 

2 

20.2 

ATP. 9 

2P1.4 

SO ,  2 

Ot TOOI T 

OtTPoIT 

21 

8T.9 

189.9 

190.4 

AO. A 

OC  TOOl T 

JACKSON 

21 

8T.9 

iy.it 

2P.I 

1*.0 

OtTPOIT 

LANSING 

21 

8T.9 

tt.a 

20.  A 

1  A.l 

OCTPOIT 

1 

9T.9 

Saa.a 

214.0 

T2.9 

O'HJOIS 

fy*«o!S 

IT 

1  T  J  .  T 

01. 1 

2T.0 

IT  .  1 

Ouf Of S 

POAOf  jnO 

IT 

1  T|.T 

P8.9 

IT. 9 

11.9 

OuPO I A 

r*»ie 

IT 

1  T  1  .  T 

A  A  .  1 

1  A  .  0 

1.9 

DuHOlS 

PNll IPSPUOG 

IT 

1  T  1  .  T 

•2.1 

24.9 

19.0 

OuPol S 

A 

ITI.T 

209.  1 

OP. 9 

1  11. « 

F 1 nislav 

r |nol»» 

]A 

T§ .  A 

1  IP. • 

PP.  1 

TP. A 

f  |NOL  AT 

1 

TO. A 

1  IP.  9 

SP.l 

TP. A 

SAGINAW 

pAGlMAw 

21 

1*1  .T 

1  T  T.8 

TO.  0 

10.8 

SAGINAW 

1 

181  .T 

ITT. 9 

T4.0 

10.8 

ClCwCLANO 

IS 

21T9.P 

1002.8 

A9P.8 

1-5 


non*  r$i  su^haot  data  r op  oCnvE* 


ANNUAL  194ft  OEhAnO 


STATE 

OISTANCE 

1  THOUSANDS) 

N4*C 

fSS  SAAt 

coot 

IMlLESl 

PH 

PP 

AC 

SCOnsOLurr 

ftCOTIftrL"^ 

25 

1*1.1 

*7.9 

17.2 

53.® 

SCOTTSMLUPr 

CHAO JON 

IA 

1*1.1 

12.0 

A  •  0 

15.* 

SCOTT'.^WU^r 

ftlO'lit 

2ft 

1*1.1 

9.* 

2. * 

17.  H 

SCOUftftLurr 

3 

1*1.1 

ft  A .  2 

2* .  0 

*7.| 

CAftpfo 

CA«P£P 

49 

199.2 

S3. 3 

1*. A 

36.7 

C«S p£P 

l 

199.2 

S3. 3 

ia.* 

35.7 

')£Nv£a 

OCNVEP 

s 

32.2 

2ft®. ft 

1  *ft  .  * 

105.7 

OCNvtn 

AKOON 

s 

32.? 

1®.2 

5.3 

?*.* 

ftCNvCO 

L  A  juh J a 

s 

32.2 

2*. 3 

7. ft 

2*.* 

OENvE* 

TPlNlOAO 

s 

32.2 

21  .ft 

ft. 7 

23.2 

OENvEP 

4 

32.2 

3S3.A 

lftft.3 

1*2.2 

GPA»lO  JUNCTION 

OhanO  JUnCTI 

ON  S 

lOft.fl 

7fl  .* 

32.1 

A*.* 

09**0  JUNCTION 

f  401  c 

s 

1 9S  .  0 

Ift.ft 

ft.  1 

2ft. 1 

GQAnO  junction 

2 

19ft. ft 

90.2 

Aft. 2 

Tfl.  9 

NOP  T 1  *  PlATte 

nopth  plattc 

2ft 

2*0. ft 

*5.9 

17.7 

ftfl.2 

MOOT**  Pl*TTE 

OOOOl  AND 

IS 

2*ft.ft 

*1.1 

II.* 

3*. 3 

nopth  platte 

nIU.  CITr 

IS 

2*0. ft 

7.2 

l.ft 

6. ft 

NOP  Tm  PlATTI 

3 

2*0. ft 

11*. 1 

39.7 

105.1 

PAPIO  CITr 

papio  CITr 

AO 

264. 6 

59. ft 

2ft.  1 

3I).0 

PAPIO  CJT* 

1 

2ftft  .ft 

59. ft 

25.1 

30.0 

OCNvCP 

i* 

73*. 7 

30*.* 

512.0 

taoli 


1-7 


nofs  -  rso  $u«MA-ir 

DATA 

row  Foot 

<00  Tm 

annoal 

1 006  OCmanu 

STAtC 

uisfA'Ace 

1  T.iou*-AnOS| 

***«€ 

fSS  NAKt 

coot 

imilcsi 

0t» 

FP 

AC 

A*t».f  *< 

ArtttC'iA 

*7 

IS*. 3 

»!.♦ 

41.* 

31.3 

AtfltlM 

1 

15*.* 

71.4 

*1  .* 

31.3 

ryRT  TM 

ro«T  «mr*4 

A? 

16.5 

740.4 

67.6 

40.4 

ro  pi  ao*71h 

OAlt  ‘ 

«7 

)6.S 

376.  7 

106.3 

57.4 

ro°T  »o<Mm 

•*i*ir.p*u  -ccl* 

4? 

16.4 

71  .« 

4.1 

74.3 

foot  iimi  « 

i 

16. S 

647.3 

176.0 

IS7.5 

LUOOOe* 

LUO«OC« 

4? 

?«*0.7 

01.4 

37.7 

?6 . 6 

iu«»oc« 

CHlLJOtiS 

4? 

7*0.7 

1  3.4 

7.« 

77.4 

fje«oc* 

; 

7«.7 

16.  B 

40.5 

64.0 

HlOl A NO 

•A  1  fH.  AVU 

47 

305.6 

*7.* 

31.6 

?6.7 

mIOlANO 

WlM* 

*7 

305.6 

IS.* 

6.* 

?3.5 

Minc»’<o 

al  ice 

4? 

305.6 

74.6 

37.? 

40.6 

H lot  AMO 

3 

30».5 

1*3.7 

74.6 

10.* 

*C*U'.»e» 

wCAiesrrp 

35 

ISO. 6 

67.0 

l  *  .  4 

6*  .  0 

i 

150.6 

67.0 

1  *  .  4 

64.0 

0«lAMr>«*  rtTr 

OAl.A'AONA  c  1  t» 

36 

1*0.3 

7  7*.0 

1 17.1 

6*.? 

OAL*M0  'A  C  1  T  » 

1 

1*0.1 

7  3*  .6 

117. 1 

64.7 

S»»oF  v*r  Po*T 

S>»»f  VfPOWT 

|7 

)1*.7 

0.0 

0.0 

0.0 

^Morv»vo**T 

ft  I’OPAOO 

1 

1«*.7 

3*. 7 

11.6 

44.0 

S**r>rvCpJ°7 

mO¥KH! 

I  7 

1*4.7 

llo.i 

45.1 

77.1 

S«Of  *( Po«T 

i 

1*4.7 

1  70.6 

06.7 

66.  1 

wlCHltA  fAttS 

*ie«|TA  F*U6 

47 

11*. » 

64.0 

30.7 

77.| 

-(Chita  r*<ts 

Ml>14W7 

36 

1  l*.» 

30.  | 

II.* 

70.0 

«  IC*»I  t  A  fAttS 

7 

1  l*.7 

OS.* 

*7.5 

4*.  | 

TUtS* 

VASA 

36 

7*7.1 

74  7.0 

70.3 

*7.* 

TW.S» 

PONCA  C|tT 

35 

7*7.1 

74.3 

6.7 

*6.0 

Tuts* 

7 

7*7.1 

?0?.l 

So.  0 

03.7 

i* 


E-7 


r opt  moot* 


1*06.4 


707.6  66*. T 


TABU  B-B 

rsor»  -  r$s  sijumabt  data  row  huustqn 

ANNIJAL  OtNANO 


STATE 

OIS'auCE 

1 TrtOUSANOSi 

NAME 

t SS  NAn£ 

COuE 

<i«1lCSI 

PM 

TP 

AC 

AUSTIN 

AUS  T | N 

*2 

1*3.* 

ITS.* 

T6.1 

SO.* 

AUSTIN 

1 

1*1.* 

ITS.M 

TB.  1 

SO.* 

MOU*  INN 

mOiiSTOn 

*2 

21.  a 

4*7.* 

160.2 

SI  .1 

HOUSTON 

COLLLOL  STATION  *2 

21 . A 

**.*» 

12.1 

30.6 

HOUSTON 

<“>*L  VESlO‘1 

*2 

21  .a 

*3.1 

10. 7 

6*.  1 

HOUSTON 

luesIn 

*2 

21. “ 

SS.  3 

l  T .  0 

**.« 

hOuS  TON 

PAL  AC  I  US 

*2 

21.  t 

SI. 6 

11.* 

*7.6 

NOUS  ION 

s 

21.  A 

*»*  .* 

2*1.* 

23*.  2 

tA«r  CnaplES 

L  AWE  CnABlES 

IT 

12*. 6 

66.4 

20.2 

27. 7 

L»*C  C***6LES 

ALE IANOWIA 

1  T 

1  2*  .  * 

SN.1 

25.6 

2*. 5 

LAKE  fN.utES 

laeatettc 

IT 

126.6 

6*.n 

23.6 

2*.  1 

lake  CHAMLlS 

3 

126.6 

22S.T 

*6.6 

76.5 

NCCOH'l 

nCCOnn 

23 

301.2 

*2.1 

16.3 

*2.0 

NCCO-H 

1 

301.2 

o?.l 

16.1 

*2.0 

nc  alien 

mCallCN 

A  ?. 

116.  A 

6S.T 

*s.l 

31.* 

NC ALLEN 

1 

116. C 

6S.T 

*6.1 

11.* 

N£w  0®L  *  A'iS 

NtW  0**LE  **■» 

IT 

11*.  T 

2?l.« 

11*.* 

S2.7 

NEW  0°L E  A'iS 

1 

116.  r 

2T|  .6 

1  IS.* 

S2.T 

SAN  ANTunIO 

WAN  ANTONIO 

* 2 

161.1 

ITT.* 

1*6.2 

**.6 

SAN  ANro^to 

CUTULLA 

*? 

IV0.1 

S9.6 

70. S 

7*.* 

SAN  ANTONIO 

2 

160.3 

23T.S 

126. T 

71. 1 

HOUSTON 

1  A 

1**2. B 

666.7 

S62.S 

E-8 


TAIL!  H 


mri  -  »$s  o* r *  Ft>*  iwu>«»OLis 

A'lNlJAt  |  9 AO  UEMANO 


state 

DISTANCE 

( THOUSANDS! 

NINE 

2 SS  AAMC 

COuE 

inRES! 

*»• 

FP 

AC 

C0C'i’'RUS 

CAUMnUS 

3a 

140.it 

23S.6 

121  .4 

44.4 

C0t'4*4US 

TAN£ ivlttC 

JA 

140.4 

sn.o 

1A.2 

50. T 

cot  »/*»•*  Os 

? 

144.4 

326.5 

1  36.0 

06. A 

CiAPtf  STOW 

mOuGAN  TO  AN 

AT 

26d.2 

SO.  T 

A6.« 

?4.) 

CHAClESTON 

CHM>tESTON 

AT 

264.2 

60.0 

20. T 

30.6 

CHAGtT  STGw 

HUNT  |HOTl**i 

at 

264.2 

M  .4 

22.6 

1  A  .  T 

CNAOU'.TOW 

PAU«E4S4U49 

aT 

264.2 

VA.O 

16.1 

21.1 

CHAatrsro»< 

el*ins 

at 

264.2 

42.0 

6.1 

20.6 

ChaqlESTON 

A 

266.2 

324.0 

121. A 

103.1 

0  AT  T  0*1 

OATtO-r 

3a 

119.0 

263.4 

00.6 

30.4 

04TT0N 

CINCINNATI 

3a 

110. 0 

l'iT.4 

60. s 

23.0 

DATTOH 

2 

110.0 

42|.3 

160.0 

63.3 

{NO|A»APOl  JS 

|N0| ANAPOt 1 S 

13 

0.3 

324.1 

112.1 

56.3 

I  »if> I  AH4P0I  1  S 

tArATem 

13 

0.3 

00.6 

IT.S 

24.2 

I  *l0  1  ANAPOt |S 

TE“°E  haute 

13 

0.3 

1  |4.S 

AS. 3 

36.4 

1»0|ANAP0US 

3 

0.3 

SA6.2 

1TS.0 

121.3 

tOUlSTlttf 

t  HllSwItCE 

1  A 

104.0 

200.0 

22.1 

33.| 

touisvitte 

t  ONOON 

16 

1  04.0 

00.4 

JA.  T 

30.6 

lOUlSvHU' 

2 

loo. y 

309. T 

106.0 

36.3 

INOIANAPOOS 

i* 

1 02J  .S 

600.3 

460.2 

E-9 


I- 10 


nor*  -  ess  suhmaoy  oat*  run  Jacksonville 

annual  1 966  oenano 


STATE 

0ISTANCE 

«THOUS*NOSI 

NAME 

rss  NAhE 

CODE 

IHlLESt 

PO 

F*» 

AC 

CHARLESTON 

charleston 

39 

|67.* 

6  7.2 

S6.n 

3?.3 

charleston 

l 

107. A 

nr. i 

S6.0 

32.3 

DOTmaii 

OOTHAN 

1 

21  J.  7 

7*.? 

73.7 

29. S 

OOThan 

1 

213.7 

7*. 2 

73.7 

29. S 

Florence 

FLORENCE 

39 

272.1 

203.1 

110.9 

101.6 

Florence 

h»°TlE  h£*Ch 

39 

i  72.  1 

s*.s 

IS.P 

3*.S 

Florence 

2 

772.1 

2S7.6 

1*6.7 

136.1 

0a  i  'if.  sv  ill* 

GAINESVILLE 

9 

73. S 

1  27 . 4 

*5.S 

66.9 

CAInCSVILLE 

1 

73. S 

127.9 

*S.S 

66.9 

JACKSONVILLE 

JACKSONVILLE 

4 

14.6 

l«0.0 

91.0 

106. S 

JACKSONVILLE 

VALOOSTA 

10 

3*. A 

76.* 

17.* 

|0.3 

JACKSONVILLE 

l 

34.6 

2S6.* 

110.* 

1  16.6 

PENSACOLA 

hop  ILC 

1 

313.9 

116.7 

71.2 

*1.0 

PENSACOLA 

PL  NSACOL  A 

9 

313.9 

39.1 

17.7 

1  *  .  9 

PCNSAf ol« 

CvtMvUV 

9 

313.9 

*1.9 

1?.S 

31.6 

PENSACOLA 

J 

313.9 

191.9 

121.* 

69. 5 

SAVANNAH 

savannah 

10 

10  7.? 

137. S 

71  .6 

so.l 

savannah 

AL«» 

10 

10  7.2 

60.1 

11.9 

16.1 

savannah 

BHlHlSvICK 

10 

107.? 

6A.| 

21.2 

39.* 

Savannah 

3 

107.? 

261.6 

10*. 9 

127.6 

TALLAHASSEE 

TALLAHASSEE 

9 

1*6.6 

OS.* 

•  0.0 

*1.* 

TALL»h»SSEC 

1 

1*6.6 

«s.« 

•  0.0 

*1.* 

JACKSONVILLE 

i* 

11*1.6 

700.6 

660.* 

E-10 


TAIU  *11 


rsors-  rss  sumha^t  Oata  run  kansas  Cl  It 

ANNUAL  !*«'>  OC'AANU 


S  T  A  Tf 

DISTANCE 

i Thousands* 

NAA( 

r^S  NANt 

CODE 

(MlLESl 

PH 

fP 

AC 

COL '(••'ll  A 

C0LU*0l* 

2* 

1  3*.* 

no.? 

*2.0 

67.1 

C0Li»'8l  A 

1 

1  38. A 

110.7 

*2.0 

67.1 

DCCaTiiu 

nf CAtg* 

1? 

322.9 

109.0 

72.0 

S9.A 

OECATllO 

ouluct 

12 

322.9 

10*. 6 

<1.6 

67.0 

OtCAtl  jH 

? 

322.9 

29*.  J 

10*.* 

126.0 

G*«nc*<  cut 

gaooCn  CUt 

IS 

329.0 

69.0 

20.2 

6S.1 

O'OOCn  c 1 T  » 

ooooe  cut 

IS 

320.0 

*9.7 

J* .  2 

51. 1 

GA30£m  C lit 

2 

320.0 

110.7 

s*.* 

116. S 

W|C«U* 

WICHITA 

IS 

166.S 

206. 0 

100.0 

S*. 6 

AllClITA 

1 

166. S 

2"9  •  6 

100. 0 

SO.O 

k*NS»S  Cltt 

KANSAS  ClTt 

2* 

19.3 

3SI  .2 

ISS.3 

00.  * 

«*NS*S  CU» 

CnanutC 

IS 

19.3 

67.0 

1 » .2 

35.5 

KANSAS  CUt 

l 

19,3 

*19.1 

169. S 

121.9 

SPO|«iGt|fLn 

SPJlNOt ItLO 

2A 

1  36.0 

92.0 

26.3 

IS.  * 

SPP|U6«  | Cl 0 

jOPL  I N 

2  A 

136.0 

62.7 

1  *  .  7 

27.1 

SPOpiOr  ICLO 

tICNt 

2A 

1  36.0 

*1.3 

27.9 

**.2 

I  NG*-  If  Lt> 

3 

136.0 

196.0 

69.0 

106.7 

SAL |UA 

SAL  IMA 

IS 

1S3.9 

«S.  3 

37.6 

27.* 

SAL  |NA 

f  MPOJ  1  A 

IS 

1  S3. 9 

20. S 

6.1 

30.3 

SAL ina 

mAnma  T  T  AN 

IS 

IS3.9 

*7.9 

22.6 

56.7 

SAUNA 

OUSStLL 

IS 

IS3.9 

70.* 

16.3 

30.7 

SAL  P.A 

* 

IS3.9 

192.2 

02.7 

153.2 

ST  LO'JlS 

ST  LOUIS 

2  A 

23A.  | 

3*0.2 

152.7 

71.5 

ST  LOUIS 

1 

230.1 

3*0.2 

1S2.7 

73.5 

KANSAS  CUt 

i* 

1960.0 

70*.  3 

025.0 

E-ll 


TUU  HI 


rsors  -  rss  sohhaay  oata 

fo«  cos 

AUoEcCS 

NtN[ 

rss  mnc 

STATf 
CO  UC 

ANNwAC  I960  OtHANO 

01  ST  A  (CE  (TnOUSANOS) 

(Nicest  *»«  rp  *c 

CEOAA  C I T v 

CCOAH  CIT» 

4  3 

3S0.S 

08.  T 

13. S 

40.9 

CEP4A  C|7y 

*HyCE  canyon 

4  1 

JNO.S 

4.0 

1.4 

6.S 

Ci 0*3  city 

? 

1S0.S 

40.3 

14.9 

SO. 4 

C*S  vri-.*s 

C*S  V  i*s 

2 1 

19*. 0 

190.0 

160.4 

82.3 

L*S  YEGAS 

Ncroct  s 

4 

1  04  .  i 

10.1 

II. 1 

33.0 

C  *S  vt'GaS 

CCY 

2T 

1)4.0 

O.o 

s.o 

IS. 3 

C*S  VEGAS 

TO'IOPAN 

27 

1  14.  ] 

12.4 

9.0 

31.3 

C*S  vCG*S 

4 

194.) 

244.9 

IBS.? 

106.0 

cos  angccEs 

COS  ANOCCCS 

4 

4M.S 

944.6 

IS3.4 

1S9.2 

cos  »Nf.ects 

r jccEnton 

4 

40.  S 

20. T 

*.* 

0.0 

COS  ANGEcfS 

o«itam  jo 

4 

*B.S 

260.4 

HO.  6 

63.  1 

COS  *'iGCcCS 

SANTA  ANA 

4 

40. S 

30.9 

0.0 

0.0 

COS  AsoEcfS 

4 

48. S 

97S.6 

2SS.2 

222.3 

s*n  niCGo 

SAN  DttCO 

4 

109.1 

231.9 

129.3 

00.0 

SAN  PICSO 

yo*<a 

? 

139. | 

29. r 

*2.8 

23.3 

SAN  oieco 

J  MPf  A  l  AL 

4 

139.J 

36.0 

*0.0 

S3  .  S 

san  niCGo 

T'<CAM*C 

4 

139.  1 

SS.  1 

19.0 

6».9 

SAN  niCGO 

4 

139.1 

393. S 

212.0 

233.6 

San t *  p*bHA->* 

SANTA  tTAH'IAAA 

4 

100.1 

11*. S 

*7.2 

SA.S 

SANTA  3AJMAMA 

PASO  AUHl.ES 

4 

100.1 

01.7 

13.3 

39.6 

SANT*  HAAS Am  a 

2 

100.1 

1  30.? 

60. S 

130.0 

c  AHCASTtQ 

C  ANC  AS  TC  A 

4 

11.3 

62.7 

30.0 

*3.9 

CANCASTCA 

0*«C AS?  1EC0 

4 

11.1 

99.? 

24.7 

6S.6 

CAIICASTC  A 

PAGGET1 

4 

11.3 

*0.7 

1  1.0 

SO.* 

C  ANC  as  tc a 

3 

11.3 

210. S 

7*. 9 

100. 0 

COS  ANGCctS 

i" 

20*1.4 

823.2 

976.1 

F.-12 


TAIL!  «-U 

rsws  -  r$s  sunmaoy  data  ron  mcmpnIS 

annual.  1906  OEmANO 
SIAtE  DISTANCE  (ThouSANOSI 


NAME 

rss  name 

COOE 

IMlCtSI 

*>o 

EP 

AC 

N4S-VII.CE 

Nashville 

A  1 

194.0 

209.2 

102.0 

*1.8 

NASmyIccE 

i 

191.0 

289.2 

102.0 

*3.8 

HOVLlNO  G">YC'I 

Move  Ins  Gmeen 

IS 

237.3 

62.9 

»*.• 

6*. 6 

80*1  IMS  G-flN 

i 

237.1 

62.9 

**.* 

6*. 6 

CAPf  G  J-AOOf' A'l 

CAPE  om*PD£Aij 

2* 

1SI  .2 

94.0 

62.1 

81.* 

cape  Hintunr tti 

1 

181 .2 

98.0 

S2.3 

S3.* 

rAYf  TTEviccC 

yayF.  TTtvIccE 

J 

2*8.0 

SO  .  1 

2*  .n 

21.7 

rAYETTEvacE 

hAOU] SON 

3 

?aS.  0 

2*.S 

11. A 

32.0 

rAYETTEvlLLE 

2 

2AS.0 

80.6 

36. a 

6a.* 

GOEENVOOO 

GPf EN»000 

23 

l  0  A  .  A 

|»9.7 

31." 

*2.6 

GQEENmOOO 

1 

108. A 

1*9.7 

31.0 

*2.6 

JACKSON 

J4CKSON 

23 

190.0 

96.* 

30.  1 

26.9 

JACK*.  ON 

MLMlOIAN 

21 

190.0 

*1.9 

31.9 

28.1 

JACKSON 

2 

190.0 

1*0.3 

70.0 

62.0 

Lirti*  «or* 

LITTLE  POCK 

3 

130." 

16*. 2 

"1  .* 

SI. 7 

cirric  «>oc>t 

jONCSPOHP 

1 

130.8 

*  7  .  S 

18.6 

*9.8 

LITTLE  pock 

pine  Ncocr 

3 

130.8 

29.1 

A  .6 

*.6 

LITTLE  °0CK 

3 

1  JO.  8 

2*0.9 

1  0*  •  6 

109.1 

my  MOM  IS 

MEMPHIS 

*1 

1  .0 

2S8.0 

227.* 

*1.0 

M£  MOM  I S 

paOiiCAh 

IS 

1  .0 

77. A 

19.8 

31.9 

m£  mum  is 

DyEosnukG 

A  1 

1.6 

61.7 

22.6 

*2.2 

m£mpm|K 

JACKSON 

*1 

1.6 

SO. 9 

IA.6 

88.3 

MEMPHIS 

A 

1.6 

**9.6 

2"*.l 

1  72.* 

ML/SCLr  S-'TALS 

MjACLt  S‘«0*LS 

1 

1  3*. * 

90.2 

3*. 7 

62.» 

MOSCLf  S-OAlS 

1 

13*. A 

96.2 

3*. 7 

62.7 

MEMPHIS 

i* 

1606.2 

789.* 

6*1.6 

F.-13 


TABU  (-14 


non  -  fss  summawy  oat  a  roa  miami 

ANNUAL  1944  OEmAnD 


STATE 

DISTANCE 

( TMOUSANOSI 

NAME 

FSS  NAME 

COOE 

I-aIlESI 

MB 

FP 

AC 

M  !  AM  1 

M|AM| 

A 

|4.| 

49". 1 

29S.S 

269. S 

Ml*M( 

FOOT  myEBS 

9 

|4.| 

l  OS  .  4 

ST.O 

S2. 3 

Ml  AM  { 

KEY  *EST 

9 

|4.| 

S4.9 

S|. 6 

23.? 

«IAM| 

3 

14.1 

OS  4.9 

404.2 

3*S .  1 

o»v.auoo 

0M|.  AN'JO 

9 

201.2 

2SS.0 

96.7 

7S.7 

0»LAH00 

1 

201.2 

2SS.0 

94.  T 

7S.7 

ST  PCTCMOAiiuv, 

ST  PEUOSBUBO 

9 

200.7 

2«»S.6 

1  IT. 4 

67.9 

ST  PfTtaSMUMS 

1 

201. T 

24S.4 

1ST.  4 

67.9 

VtllO  AlAC* 

Vt*>0  ME  ACM 

9 

121. S 

130.1 

SS.6 

74.  J 

vEmo  Of  ACM 

MtLHOUMNC 

9 

121.  S 

AS.  1 

43.1 

•  6.6 

WEBO  BEACH 

2 

124. S 

196.2 

99.0 

12S.0 

MIAMI 

1 

1 19S.9 

737.4 

613.6 

E- 14 


TABLE  E-13 


rsots  -  rss  sumnaot  data  eoo  mempmis 

ANNUAL  1986  OEMANO 


STATE 

DISTANCE 

( tmousanosi 

UAM£ 

rss  n»hc 

COUE 

•MILLS) 

PH 

EP 

AC 

»«s-*villE 

mashvILLE 

A  1 

194.0 

289.2 

102.0 

*1.5 

HASMVietf 

1 

191.0 

289.2 

102.0 

*3.5 

•«oxi  i  lift  G-imi 

BilwLlNS  G«E£N 

IS 

237.3 

02.9 

**.* 

54.6 

HO“Lt'<G  •••'ft* 

1 

237.1 

62.9 

**.* 

5*. 6 

C*Pf  O  IUAOrif  A'l 

C*“E  1.18A80C*U  2* 

151.2 

98.0 

52.1 

51.* 

C*Pr  r.iMA*inFAi| 

1 

151.2 

90.0 

52.3 

53.* 

FArfTTCrflLLC 

r  atetuvIllE 

3 

2*5.0 

56.1 

2*  •  0 

21.7 

r*Tf ttCvIllE 

wapujsun 

3 

2*5.0 

2*. 5 

11.  * 

32.0 

TATETTEvIlLE 

9 

2*5.0 

00.6 

35. a 

5*. A 

oof  rs/noo 

<»•»  fE'r-OOO 

23 

100.* 

1*9.7 

31  .o 

*2.6 

GPCCNwOOO 

1 

105.* 

1*9.7 

31 .8 

*2.6 

JAC*50N 

j»CkSon 

23 

190.0 

90.* 

30.1 

26.9 

JAC«50N 

>»L“IOI»N 

21 

199.0 

*3.9 

31.9 

25.1 

JACkSOH 

l 

190.0 

1*0.3 

70.0 

52.0 

L  !  T  Tl  r  «or« 

LITTLE  pock 

3 

1  30.  • 

16*. 2 

"1  .* 

51.7 

LITTLE  »OC* 

JONCS^OMO 

1 

130.0 

*7.5 

10.6 

*9.0 

UTur  no*-* 

pin£  HLufr 

3 

1  30.0 

29.  | 

*.6 

*.6 

LITTLE  pock 

3 

130.0 

2*0.9 

10*. 6 

10". 1 

mt mpm  !  •; 

“1 “Pm  1 S 

A  1 

1  .0 

250.6 

227.* 

*1.0 

h(mp«|; 

paooCah 

IS 

1  .0 

77. « 

19.5 

31.9 

M£  MUM  t  S 

0»EPSPU“G 

*1 

1.6 

61 . 7 

22.0 

*2.2 

“{►•PM  |  A 

JACKSON 

*1 

1.6 

50.9 

1  *  •  6 

55.3 

“E “PM  I S 

A 

1.6 

»*0.6 

20*.  1 

172.* 

•*u5CLr  S'*'|»L<; 

“U*ClE  5*<0»LS 

1 

13*.* 

96.2 

3*. 7 

62.7 

"LiSCLf  S«0*LS 

1 

13*.* 

96.2 

3*.  7 

62.7 

MEMPHIS 

i* 

1606.2 

759.* 

6*1.6 

E  —  1 3 


TABLE  t-14 


non  -  ess  summamy  oata  t oa  mia*«i 

annual  19M6  OEmanD 


STATE 

OISTAnce 

1  THOUSANDS) 

NAMt 

FSS  nAmC 

CODE 

(■aIlESI 

MR 

ft» 

AC 

N  t  Am  I 

MIAMI 

9 

A9A.T 

295.  S 

269.5 

MIAMI 

fO«T  MYCBS 

9 

105.9 

57.0 

52.  J 

H{AMt 

*EY  -EST 

9 

)A.I 

5*. 9 

51.6 

23.2 

MIAMI 

3 

l*.l 

659.9 

*0*.2 

3A5.I 

0»LAUD0 

OMLANOU 

9 

291.2 

255.0 

96.7 

75.7 

OBLAHOO 

1 

201.2 

255.0 

96.  T 

75.7 

ST  pETEmsbhmo 

ST  PETlBSAU*»0 

9 

209.7 

295,9 

l  17.0 

67.9 

51  pETEJ5'*u«3 

1 

205.7 

295.9 

137.9 

67.9 

v£ho  «E*Cn 

Vt-»0  ME  ACM 

9 

125.5 

130.1 

55.6 

79.3 

*l»n  B£  AC1* 

MtLHOUMNE 

9 

125.5 

66.1 

*3.1 

*6.9 

vf»n  AC  AC*1 

2 

129.5 

196.2 

99.0 

125.0 

MIAMI 

7 

1195.9 

737  .6 

613.6 

E-14 


TAIL* 


(-13 


TOK-  fSS  SUMMAMr  DATA  Fy»  MINNEAPOLIS 

ANNUAL  I960  OCHANO 


STATF. 

niSTA  ,CE 

( ThuuSAnOSI 

NAm£ 

FSS  NAh£ 

COOE 

ImIlESI 

R« 

FP 

AC 

ncs  xoints 

01  TUM  <A 

l* 

232.0 

SO. 9 

16.7 

«o.2 

PCS  '*o  1  Nt a 

OtS  MOINES 

1* 

212.0 

157.0 

*2.5 

37.1 

f£  S  ‘<OINts 

MASON  Cl Tr 

1  A 

212.0 

OS.  9 

16.5 

105.) 

OES  mOInES 

) 

212.0 

273.8 

15.6 

1*0.* 

ORAnO  fC»iAS 

OR  A NO  FOR< 3 

31 

201.  I 

02.1 

35.* 

15.5 

GPAnO  FuRSO 

JAMtSTOTN 

33 

201.1 

03.5 

21.6 

*0.1 

GRAnO  FuRkO 

7 

201.1 

125. S 

57.0 

70.8 

MJRA IMG 

HlRSlNG 

22 

1  T1.2 

71.0 

36.5 

57.5 

hIOOInG 

1 

173.2 

71 .0 

16.5 

57.5 

HURON 

HURON 

40 

2S2.1 

102.0 

28.6 

71.0 

HIJRON 

Art£RO£tN 

AO 

2S2. 1 

13.  A 

6.0 

35.  1 

HURON 

y ATERTOAN 

AO 

2S2  •  1 

23.1 

6.0 

33.5 

HURON 

3 

252.1 

130. S 

*0.5 

1  39.6 

L*  CROSSE 

(.ONE  ROCS 

4A 

119.0 

15.0 

2.6 

17.0 

LA  CROSSE 

L  *  CMOSSE 

aA 

119.  S 

5a.  7 

39.  1 

29.9 

L  A  CROSSE 

2 

1 19. S 

70.2 

*1.8 

*7.6 

HINOT 

-I  NOT 

3? 

»aT.  A 

S8.9 

29.0 

70.0 

M  i  NO  T 

01C« INSON 

31 

AA  7 . 6 

19.8 

S.l 

10.3 

"1NOT 

2 

AA  7 .0 

78.6 

15.1 

92.1 

haoouCTTC 

marquE  T  TE 

21 

29S.2 

52. S 

19.7 

57.6 

-arquETTE 

HANCOCK 

21 

295.2 

2R.2 

7.2 

10. 0 

HAROuC  T  T t 

2 

29S.2 

7a  .6 

26.9 

75.7 

MINNEAPOLIS 

MINNEAPOLIS 

22 

0  .  A 

3  A  l  .  0 

100.6 

6*.7 

hIN\£1»ijLIA 

ALt  «»NUH| A 

22 

0  .  * 

50.9 

17.2 

51.7 

HINNl  »P  'L  IS 

rcomooo  falls 

2? 

O.A 

61.9 

|8.6 

39.0 

M|NuF  aROL  IS 

ROCHESTER 

?> 

O.A 

64.5 

10.0 

21.5 

«IN*'£  *ROL  IS 

E *0  CLAIRE 

AO 

O.A 

11.5 

11.9 

59.6 

h 1 nn£  AROL I S 

S 

O.A 

553.6 

16*.* 

2*2.6 

OMAHA 

OMAHA 

26 

282.1 

189.0 

MA.O 

*1.1 

OMAHA 

6"»N0  ISLANO 

26 

202.  | 

07.8 

19.5 

09.3 

Omaha 

L InCOLN 

20 

282.1 

80.0 

20.1 

31.2 

O'UmA 

1 

282.1 

117.4 

1*2.5 

111.7 

R 1  £  RR£ 

PIERRE 

*0 

1*8 .  S 

*7.1 

1*  .* 

59.5 

•1ERRC 

1 

3*8.5 

*7.1 

1*.* 

59.5 

TPAyfRSE  CITt 

traverse  CITt 

21 

37*. 1 

6|.l 

21  .9 

*7.4 

T34y£RS£  CITt 

rEllston 

21 

37*. l 

*7.5 

18.6 

10. T 

TRAyfUSC  CITt 

SAULT  »T£  ha«I£  21 

17a.  | 

*.2 

3.9 

l*.l 

TOAv£SSE  CITt 

1 

37a. | 

112.9 

**.* 

100.2 

“InnEaROL is 

u 

1*81.6 

079.5 

1217.0 

F.-15 


TABLE  E-16 


FSDPS  -  Ess  Summary  Data 

EOM  N£w 

YOWK 

annual 

1>)H6  DEMAND 

state 

DISTANCE 

i tmousanosi 

NAME 

FS$  NAME 

coot' 

1-lLtSI 

MO 

EP 

AC 

MlirES 

v1L*ES  4Am«e 

37 

1*1.  s 

1  AS.  A 

50.1 

31.2 

wIleE' 

mANO  I  SBtlPE, 

37 

1*1. s 

3** .  * 

06.0 

51.5 

oIikEs 

wlLLlAMSP^MT 

37 

1*1. s 

HO  .  ft 

2*. 7 

2ft. 5 

-ILkES  mAOhE 

) 

1*1.5 

53<».  ft 

1  79.0 

103.2 

I  SC  1  A* 

ISLlP 

31 

1.1 

323.3 

133.0 

*5.9 

ISUP 

1 

l.l 

323.3 

1  33.0 

*5.8 

p  <ll  adElpmI  a 

pnIlaoElphIa 

37 

111.9 

3S7.J 

161.6 

•  3.6 

PMtL*0t'LOHlA 

1 

111.8 

337.3 

161.6 

*3.6 

POur.M*EEPS!t 

AL't»NY 

31 

71  .* 

223.1 

50.5 

3* .  0 

POUGha££PSIE 

POll&MKttPSU 

31 

71.* 

23*. 5 

73.0 

93.0 

pouomx£eps:£ 

2 

71  .« 

*57.6 

133.* 

119.0 

TETfuMONO 

tetepmopo 

29 

50.8 

322.5 

100.2 

*2.2 

TETE  HdOl.0 

1 

50.9 

322.5 

100.2 

*2.2 

nE m  tops 

} 

202<».7 

7  17.0 

352.7 

E-16 


TABLE  E-l? 


FSDPS  -  fSS  SUMMAWr  data 

FUN  OAKLAND 

annual 

1986  OEMA 

Ml) 

state 

nisi AuCE 

( THOUSANDS) 

NAME 

rss  name 

CODE 

MILLS) 

PS 

FP 

AC 

F9FSN0 

FRESNO 

C  A 

137.3 

142.1 

64.2 

8H.? 

435 

f  WESNO 

1 

137.3 

1*2.  1 

64.2 

59.2 

132 

OAKLAND 

OAKLAND 

9  A 

W.2 

4  20.4 

140.7 

131.4 

4  36 

Oakl  ai:o 

SAL l NAS 

O  A 

1  7.2 

00.2 

39.0 

39.8 

437 

OAKlanO 

2 

17.2 

S  2  0.6 

180.6 

171.2 

1  34 

3EO  *LUFF 

oEO  5LUFF 

1B0. 4 

38.1 

20.0 

75.1 

435 

REO  ULUFF 

mON7  AGUE 

4  4 

mo. 4 

12.8 

3.2 

17.2 

439 

5EO  HLUFF 

2 

100.4 

68.8 

23.2 

9?. 3 

135 

aEno 

oEMO 

27 

181.6 

82.4 

54 .8 

37.5 

440 

aE  NO 

lovelock 

27 

101.6 

10.4 

13.7 

21.1 

441 

a£NO 

ELKO 

27 

1  SI  .6 

28.9 

13.2 

45.0 

442 

aENO 

3 

181.6 

121.7 

91.6 

1  0  3 . 7 

136 

SaCov-Cmto 

SACaA*tNTO 

<3  4 

72. 8 

233.1 

65.6 

60.3 

443 

SACOA"f  '.70 

UAMYSVlLLt 

O  4 

7  2. ft 

46.9 

20.0 

27.7 

444 

SACPA’-'Er.T  0 

STOCKTON 

<?  * 

72.8 

71.2 

22.6 

4  S  .  0 

445 

SACOA’*EnTO 

3 

72.8 

3S1 .2 

128.3 

133. 1 

137 

UK  I  AH 

IlK  1  am 

<f>  4 

127.2 

7  2.2 

15.8 

55. 7 

446 

UK  I  AH 

AKC AT  a 

<J  4 

127.2 

27.7 

12.9 

36.2 

447 

tIK  i  AH 

crescent  city 

4 

1  27.2 

10.0 

3.0 

14.6 

448 

UK  I  AM 

3 

127.2 

110.0 

31.6 

106.5 

1  38 

OAKLAND 

JA 

<fiG 

1  322.4 

509.5 

666.0 

417 

TABLE  E- 18 


rspps  -  summauy  rata 


NAME 

FSS  NAME 

statc 

COUE 

HILL  Kr»S 

BILLINGS 

2S 

HILL  I  MGS 

mIi.ES  CITy 

25 

BILL  I MGS 

9hC  w I  DAN 

4  9 

HILL  P»GS 

WURI  NVO 

<.9 

HILL INCS 

4 

POKE 

roise 

I  1 

HOISE 

1 

RUBLE Y 

nuRLEY 

11 

CURLEY 

1 

P  0  Z  E  M  4  N 

R07FMAN 

25 

BOZ^man 

RUTTE 

25 

HOZf MAN 

LIVINGSTON 

25 

BOZEMAN 

3 

GREAT  PALLS 

0«t‘AT  BALLS 

25 

GREAT  F..LLS 

CUT  BANK 

25 

GREAT  BALLS 

LEulSTOHN 

25 

Great  Balls 

mISSO'JLA 

25 

great  Balls 

4 

IOamC  Balls 

IDAHO  TALLS 

11 

IDAHO  BALLS 

1 

ROCK  SPRINGS 

L  ARAM  It 

4R 

POO*  SPRINGS 

POCK  SPRINGS 

*9 

ROCK  SRPINGS 

pawl  INS 

*9 

ROCK  SPRINGS 

3 

salt  lake 

kALT  LAKE 

A3 

salt  lake 

1 

salt  lake  city 

ia 

for  salt  la-.e  city 


annual  ir-36  oEma/.d 
DISTANCE  (THOUSANDS) 


MILES) 

PR 

V 

BP 

AC 

3.36.4 

60.6 

20.9 

32. S 

447 

305 . 4 

4  3 .9 

14.4 

39.6 

4  SO 

185.4 

37.3 

14.2 

37.  1 

451 

386.4 

JO. 7 

13.9 

32. 0 

4  52 

386.4 

180.6 

63.4 

141.9 

139 

2R1 .2 

79.4 

SR.  1 

43.0 

453 

291 .2 

79.4 

55.  1 

4  3.0 

141 

152.6 

S7.7 

21.4 

59.6 

454 

152.6 

57.7 

21.4 

59.6 

141 

347.3 

20.0 

7.5 

36.7 

455 

347.3 

12.8 

5.3 

30.0 

456 

34  7.3 

17.4 

*.7 

13.0 

457 

347.3 

50.1 

17.5 

79.7 

142 

463.3 

53.9 

32.3 

30.0 

455 

463.3 

6.8 

3.7 

11.0 

459 

463.3 

B.R 

3.3 

19.Q 

460 

463.3 

37.7 

16.o 

26.9 

461 

463.3 

107.2 

55.3 

87.8 

143 

13').  6 

61.7 

17. S 

37.1 

462 

180.6 

61.7 

17.5 

37.1 

144 

160.1 

23.5 

6.1 

33.5 

4(3 

160.1 

2°  •  3 

11.8 

45.3 

464 

160.1 

13.0 

5.4 

20.6 

465 

160.1 

65.9 

23.3 

99.5 

145 

0.2 

159.0 

70.7 

71.0 

466 

0.2 

159.0 

70.7 

71.0 

146 

761.5 

324.3 

619.7 

013 

E- 18 


TABLE  E-19 

rsops-  f  55  data  rp.i  seattlE 

annual  l'/R6  DE'i.'f.O 
STATE  0 1 s  7  4  vCE  i Thousand S) 


NAME 

ESS  NAME 

CODE 

IMlLESl 

Pfl 

KP 

AC 

/ALLA  N/LLA 

PA^Eft 

36 

808.3 

89.1 

I*.* 

30.8 

467 

.‘ALLA  VALLA 

wall  A  m  ALL  A 

46 

808 . 3 

AM.  4 

86.4 

81.9 

468 

‘..ALLA  WALLA 

? 

808. 3 

1  1  7.S 

42.8 

11*.0 

147 

BCLLI’IGMAM 

gELL InuHam 

46 

10*3.6 

4  4.5 

85.4 

79.4 

469 

BELLI  NCI1AV 

1 

105.6 

*4.5 

85.4 

79.4 

148 

wruATcnm: 

wENATC^EE 

46 

92.6 

53.3 

85.6 

78.® 

470 

WENATCHEE 

[PMHAT A 

46 

92.6 

89.  / 

13.3 

37.7 

471 

WENATCHEE 

8 

92.6 

83.0 

39.0 

13  6.5 

149 

NORTH  BE. ID 

fiO° T M  BEmO 

36 

285.3 

31.5 

18.6 

57.5 

472 

north  bend 

1 

885.3 

31.5 

18.6 

57. S 

150 

PORTLAND 

PORTLAND 

PORTLAND 

PORTLAND 

36 

119.3 

8*7.0 

86.0 

9?.  1 

473 

oallespo^t 

46 

119.3 

22.2 

4.8 

30.3 

474 

REDMOND 

2 

119.3 

869.2 

90.8 

188.4 

151 

REDMOND 

OECH0MU 
*  1 

36 

815.5 

815.6 

61.5 

61.5 

14.2 

14.8 

56.3 

56.3 

465 

152 

SEATTLE 

SEATTLE 

SEATTLE 

46 

17.7 

865.2 

169.7 

79.  A 

476 

SEATTLE 

HUOUl  4  H 

46 

11.7 

15.0 

7.8 

46.3 

477 

SEATTLE 

TOLEDO 

46 

17.7 

9.4 

3.5 

15.6 

479 

SEATTLE 

3 

17.7 

259.6 

180.4 

1*1.3 

153 

SPOKANE 

SPOKANE 

46 

888.9 

7  7,8 

35.3 

89.9 

479 

SPOKANE 

1 

883.9 

77.8 

35.3 

89.9 

154 

STATTLE 

13 

9/4.6 

4  4  0.0 

718.4 

019 

E-l® 


TABLE  E-20 


FSDP9-  F$S  SOHMAwr  DATA 

U..C  . 

ANNUAL 

1  9Gr>  OF. 

I A  NO 

STATE 

O I  S  T  A  jCE 

( THOUS-'' :  S) 

name 

FSS  NAME  COOE 

I M I  L  i  S  ) 

ph 

FP 

AC 

WASHINGTON 

S»LISf«ilRY  19 

32.4 

6t  ,  1 

21.0 

74.6 

480 

WASHINGTON 

MILLVILLE  2 9 

32.4 

4  12.1 

1  OS.  A 

3?.  1 

481 

WASHINGTON 

uASHlKOTr.:,  as 

32.4 

2*&.b 

192.9 

6-  .  1 

482 

WASH  I  'it-  TCfi 

CHARLOTTES';  II.Li  -5 

32.4 

60.3 

21.1 

23.8 

483 

WASHINGTON 

NEWPORT  NEwS  as 

32. - 

166.2 

152.3 

37.4 

484 

WASHINGTON 

MART  INS0UWG,  A  7 

32.4 

76.  i, 

46. 3 

48. 5 

485 

WASHINGTON 

RICHHOMO  *5 

32.4 

18  7.;, 

57.9 

37.5 

486 

WASHINGTON 

7 

32.4 

1346.4 

599.  3 

2  63.1 

155 

new  hern 

nEw  CERN  3? 

2 79.  A 

81  .A 

59.1 

51.4 

487 

NEW  HERN 

ELIZABETH  CITY  J2 

279.  A 

19.8 

20.4 

14.3 

488 

NEW  RESN 

2 

279.  A 

101.*. 

79.5 

65.7 

156 

RALE IGH 

RALEIGH  3? 

233.4 

279.0 

131.8 

62.4 

487 

RalEIGh 

ROCKY  MOUNT  32 

233.4 

48. 1 

14.0 

36.1 

480 

RALEIGH 

2 

233.4 

327. 1 

145.3 

9A.5 

157 

ROANOKE 

rlueeielo  *7 

199.3 

76.0 

16.1 

40.9 

491 

ROANOKE 

ROANOAt  *5 

l»0.3 

100.? 

34.7 

18.3 

492 

ROAnGkE 

DANVILLE  *5 

180.  8 

2?. 5 

10.4 

38.1 

158 

WASHINGTON. 

0 .  C .  1  A  (fry 

1973.6 

835.9 

624.6 

120 

F.-20 


m  cwim**  iaui 

.’hu  coaputar  aodal  its«lt  m  designed  acd  developed  at 
»SC.  th*;  nodal  li  written  In  PCTTxlE  If,  and  ruus  on 
cither  .iC's  i  rise  cr  ,'»cs»stta  1C  coaputar  sysi-aK. 
1  lie  Sasic  cptraticn  o t  thu  aystca  i*  diagraaaed  in 
Pigupw  P.1  1.  :h«>  bijic  structure  it.  outlined  in 
f iquru  F.  1--  2. 

"he  aodol  calculations  as*  a  heuristic  tree  following 
approach.  'ha  network  ia  assuacl  to  have  tear.  ordered 
in  twvsrac  hierarchy.  any  network  not  adhering  to  a 
strict  hiacarchical  structuta  vili  hava  bc«*n  c«?  1«et<?d 
by  tan  preprocessor,  aa  daaccitad  in  Feet  ion  ?,2. 
"hu*.  thn  oetaork  ia  ptocaaaad  starting  at  the  aost 
distributed  tips  and  worklnq  tosatds  th.  "aaioM  or 
"central"  nod*  of  tha  network.  ’.hi a  o  a<_w  la  suown 
in  Finura  P.1-3.  ' 

:u*  to  tac  erdwrinq  lapoasd  by  th*  praproce s jer ,  xny 
ooda  will  have  ba«n  accounted  for  by  on  a-s  through 
tha  nataork  fiia.  It  should  bn  notnd  u  it  a  noda 
daflnad  ia  tha  ooda  fiia.  havinq  doaaod  in  the  dsaand 
file,  aill  b*  iqnorad  it  it  doesn't  appear  ir.  tha 
nataork  fiia. 

Coaaunicat lCo  costa  used  tv  the  acdal  aera  developed 
froa  coal  current  costa,  tut  those  rates  veto  not 
duplicated  in  tha  proqtaa  due  to  their  coaplciity. 
coaauaication  linaa  la  th*  aystaa  fall  into  three 
categories.  Pleat  la  tha  lia*  or  connection  bntaeeu 
the  coaputar  in  th*  ayataa  handling  the  aaathar  data 
baa*  and  tha  svstees  source  of  weatner  data.  pot 
nurposaa  of  tha  aodal.  it  aaa  aasuaad  that  this  cost  ia 
aqual  to  tha  coat  of  a  sloqlc  boalnasa  talcphcna  or 
118.00/aoath  on  tha  aaaraqa.  the  second  type  of  line 
is  thst  interconnect laq  a  Pi  coaputar  and  its 
associated  aeathar  ^ata  Baa*  Processor.  Thin  line  las 
been  annuacd  to  b*  2*00  baud  data  lln*  purchased  via 
,'dlPtB.  ’hi*  rate  is  t0.?8/alle  plus  sarvlca  teraiaals 
at  sack  and  at  M3.  sack.  Th*  third  typo  of  line  la 
a  voles  11a*  by  ahlch  a  user  say  access  th*  1*3.  '.his 
lint  aill  either  be  local  ct  lonq  distance.  If  it  is 
lonq  distance,  it  aill  be  ono  of  rx  using  TlLPkK,  II 
using  coaaarcial  hfft*  ratas,  intrastata  whlf  oi 
intacstata  BUS.  Coats  aaad  by  tha  aodal  for  each  of 
thuso  sarvlcaa  art  alvan  la  Sabi*  P.1-1. 

Sines  tha  calculation  for  JUPh*  la  ralatlvaly  slapla, 
thu  aquation  la  laplleatad  la  thu  aodal.  nhcravar  a 
local  11a*  la  called  for.  ta*  charqa  of  118.00/aonth 
has  baan  used.  This  is  aa  evtcaq*  figure  for  the 
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TABLE  F.l-1 


COMMUNICATION  COSTS 


Weather  Polling  Line:  $18.00 

Data  Line  -  2400  Baud  via  TELPAK: 

Coat  -  $.58  X  (#  Ml  lei )  ♦  $86.60 

Local  Voice:  $18.00 

Long  Distance  Voice: 

A)  FX,  TELPAK:  Coat  -  $.58  X  (#  Mllea)  ♦  $86.60 

B)  FX,  AT4T:  Coat  -  $3.30  X  (#  Mllea)  ♦  $52.00  (#  Mile*  <  15) 

-  $3.10  X  (#  Mile*  -  15)  ♦  $98.20  {*  Mllea  <  25) 

-  $2.00  X  ( t  Mllea  -  25)  ♦  $129.20  (#  Mllea  <  40) 

-  $1.35  X  (#  Mllea  -  40)  ♦  $159.20  (#  Mile*  <  100) 

-  $.66  X  («  Mile*  -  100)  ♦  $240.20  (I  Mile*  <  1000) 

-  $.40  X  (#  Mile*  -  1000)  «•  $834.20  <#  Mllea  £  1000) 

C)  WATS,  INTRASTATE:  Coat  -  $630.00 

D)  WATS,  INTERSTATE:  Coat  -  $1418.00  (Loading  £  240) 

Coat  -  $3.29  X  (Loading)  ♦  $1418.00  (Loading  >  240) 


All  coat*  per  line  and  per  month 


country  which  nay  vary  l rji  locale  to  locale.  Zu 
designing  costing  aigcrithaa  tot  the  aodel,  an  att*-*pt 
was  sale  to  avoid  calculations  which  were  <l«Fcn!ci:t  on 
•leoqraph  ica  1  position  due  to  the  additional  overntad 
related  to  this  type  ot  cotputaticn.  *n  ths  can*)  of 
local  linen,  tney  arc  Uk  enough  in  th>j  systc*.  ssd  a 
snail  enough  cost  ccspcnent  so  that  a  sinqle,  average 
riqure  should  serve  the  purposes  ot  thi~.  colei. 

Pot  ft  via  A'G  ,  the  real,  current  rate  schedule  is  a 
complicated  fjnetien  ot  distance  and  g«cqrapl.y.  .his 
cate  wa-»  siaulifird  ly  choosinq  the  avecaqe  geographic 
paraaotor  rate  certcr  A  to  rate  Center  b,  and  using 
the  full  distance  calculation.  "his  was  done  to  assure 
that  t si  final  systoa  cost  tor  a  network  using  ft  via 
A  e»  wouii  not  ho  incorrectly  tiai*  1  tor,  cr  against, 
listributioc  ot  the  network. 

In  order  to  tairlv  evaluate  wt'S,  it  is  necessary  to 
rwdtriqn  the  network  to  take  advantage  ot  tho 
particular  ch i cacteci st ics  of  .A  *5.  By  analyzing 
intrastate  WAI3  ov».r  the  ccuntry,  it  war  1» retained 
that  a  aonthlv  rate  of  161-  .  per  line  tor  urliaited 
ajtvrce*  is  accurate.  t1  y  coinctlcnco,  tnis  volue 
corresponds  with  the  Massachusetts  rate.  for  states 
with  liaitwd  us..*  WA.p,  it  was  assuaed  that  unliaitod 
■  as  available  to  avoid  the  necessity  to  incorporate 
lire  loalinj  calculations  into  th»  rate  calculation, 
for  interstate  kt  tho  bulk  ot  tne  voic«  lines  fall 
into  Zon*-  ?  in  a  svatca  desiqned  tc  iak.i  geed  u.;.*  of 
WA  features.  .he  nvcraqe  aor.thlv  figure  in  f1,C. 

per  line.  factor  tot  line  loading  was  use  1  to 

increase  accuracy  fer  tl.it  lather  large  it.  1  thei  tforo 
rather  ..ensitivc  cort. 

“t  should  he  r.otal  taat  actual  charges  ccaputel  will 
not  be  equal  tc  real  ccaaetcial  rates  particularly 
those  tor  the  19*>«.  ar.l  1  f- 1 5  tis*  periods  being  studied. 

h**v  ?o  proviJc,  nowevor,  a  reliable  tasis  to  coaparc 
svstep  costs,  dr.  all  events,  r^al  costs  will  aost 
probably  represent  an  increase  it.  coaaunication  costa 
over  tho  so  shown  by  t.ic  »od«l.  *ihc  i npl  ic 1 1  i  or.3  of 
that  fact  ate  obvious  tren  the.  results  in  "cctior.  (, 
i.e. .  the  svstwi  is  sere  attor.qly  Jiivon  to 
Jocen t r  a  1 i z  i t ion. 


•  2  CQajyt liiflligo  dolwl  lout* 

he  acdel  requires  four  input  files.  ?ach  ct  then?  is 
prepares  in  a  lifferent  fashion  and  provides  basic 
it.foraation  for  the  aodel  operation. 


lftdj  lata LAxXkaa  lilt 


This  tile  contains  inforaation  about  all  possibile 
nodas  in  the  network.  In  the  case  of  the  v*S 
Alternatives  Coaaunication  Study,  this  inforaation 
consists  of  the  three-letter  identifier,  latitude, 
longitude,  and  internal  systea  index  for  each  F SS  in 
the  conterainous  0.9.  Table  F. 2- 1  is  a  listing  of  part 
of  this  file. 


QftlAJbd  IfllfllltUgD  111! 

This  data  file  contains  a  deaand  figure  for  each  node 
in  the  neteork.  Since  the  node  systea  indei  is  derived 
froa  the  order  of  the  entries  in  this  file,  there  aust 
be  an  entry  for  every  possible  node  -  even  if  it's 
zero.  Since  separate  deaand  predictions  ezist  to 
account  for  varying  VfcS  features  and  different  future 
dates,  separate  deaand  files  have  been  created.  These 
are  reflected  in  Table  4.1. 5-1.  Each  record  (or  line) 
of  the  file  contains  prolected  deaand  for  the  node 
whose  index  aatches  the  order  of  that  record  in  the 
file.  A  partial  listing  appears  in  Table  P.2-2. 


Ifiltltfl  SettifiCflUfiB  Ail* 

This  file  is  the  aost  coaplex  of  the  aodel  input  data 
files  and  provides  specific,  detailed  inforaation  on 
the  structure  of  the  particular  network  involved.  Por 
each  node  to  be  included  in  the  neteork,  the  following 
inforaation  is  supplied: 


1.  Mode  tvpe  (1  5) 

2.  Mode  I.C.  (up  to  3^0) 

3.  Controlling  node  (i.e. ,  node  next  higher  than  this 
one  is  network  hierarchy) 

4.  Line  type  to  controlling  node  (1-5) 


Mode  tynes  and  line  types  are  delineated  in  "able 
F.2-3.  Table  P.2=4  is  a  partial  listing  of  a  node  file 
and  Figure  F.2  1  shews  the  structure  of  each  record  (or 
line)  of  the  file. 

The  raw  input  data  for  the  network  file  is  usually 
ordered  in  a  aanaer  convenient  to  the  network  author. 
This  is  not  the  optiaua  foraat  for  the  aodel  to 
process.  It  la  also  not  guaranteed  to  be  free  of 
errors  in  the  network  structure.  A  preprocessor 
proqtaa  therefore  perforas  reforesting,  ordering,  and 
error-checking  functions  aad  then  writes  out  a  properly 
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TABLE  F.2-1 


SECTION  OF  NODE  INFORMATION  FILE 


State  Radians 


Code 

FSS  Name 

Nua 

Txt 

Lat. 

Lon.  ARTCC 

Index 

ABO 

ALBUQUERQUE 

30 

NM 

0. 61160 

1 . 6686 1 

ZAB 

201 

LVS 

lAS  VEGAS 

30 

NM 

0.62228 

1.83508 

ZAB 

202 

HMH 

amasillo 

42 

TV 

0.61422 

1.22518 

ZAB 

203 

TCC 

TUCUMCAR I 

30 

NM 

0.61401 

1 . 80824 

-•CVC 
k.  rfo 

204 

DHT 

DAlmAPT 

42 

TV 

0.62861 

1 . 28983 

ZAB 

205 

GAG 

GAGE 

35 

OK 

0.63346 

1 . 24140 

zkc 

206 

Elp 

EL  PASO 

42 

TX 

0.55514 

1 . 85680 

ZAB 

202 

Dni 

DEM IMG 

30 

NM 

0.56300 

l . 88002 

ZAB 

208 

res 

TRUTH  OR  CONSEQ 

30 

NM 

0.58009 

1 .82223 

ZAB 

209 

GUP 

GALLUP 

30 

NM 

0.61929 

1.89868 

ZAB 

216 

PHX 

PHOENIX 

02 

A2 

0.58356 

1 . 95498 

ZAB 

21 1 

Blh 

Blythe 

04 

CA 

0. 50629 

2.00222 

ZLA 

212 

PRC 

PRESCOTT 

02 

AZ 

0.60428 

1.96211 

ZAB 

213 

ROU 

ROSlELL 

30 

NM 

0. 581 19 

1 . 82439 

ZAB 

214 

CNM 

CAPlSBhP 

30 

NM 

0.56439 

1.81923 

ZAB 

215 

TUS 

TUCSON 

02 

mZ 

0.56052 

1 .93632 

ZAB 

216 

dug 

DOUGLAS 

02 

m2 

0.54922 

1 .91293 

ZAB 

21? 

ATI 

ATL  ANTA 

Id 

6A 

0.58956 

1.42518 

ZTL 

210 

8hm 

B IPMINGMAM 

01 

AL 

0.58529 

I .51412 

ztl 

219 

ANB 

ANN  IS TON 

01 

AL 

0.58626 

1 . 49842 

ztl 

220 

TCL 

TUSCALOOSA 

01 

AL 

A^Bei 

1.52911 

2TL 

221 

CSV 

CPOSSVILLE 

4] 

TN 

0.62242 

1 .48501 

ztl 

222 

GSP 

GREER 

39 

SC 

0.60912 

1.43492 

ztl 

223 

AND 

AMfif  R'  ON 

39 

SC 

0.60206 

1.44353 

ztl 

224 

M*  Y 

HlCrORY 

32 

NC 

0.62329 

1 . 42052 

ztl 

225 

MCN 

MACON 

10 

GA 

0.52061 

1 . 45493 

ztl 

226 

ABV 

ALBANY 

10 

GA 

0.55039 

1 . 48442 

ztl 

22? 

MGM 

MONTGnMEPY 

01 

AL 

0.56325 

1 .50295 

ztl 

226 

TVS 

KNOXVILLE 

41 

TN 

0.625O5 

1 .46595 

ztl 

229 

TP  I 

BRISTOL- TO!  CIT 

41 

TN 

0.63663 

1 . 43826 

ztl 

23P 

bdl 

UtNPSOR  LOCKS 

00 

CT 

0. 2319? 

1.2685? 

ZBU 

231 

BGR 

Bangor 

18 

ME 

0.28204 

1 .20128 

ZBU 

232 

AUG 

AUGUSTA 

IB 

if 

O, 22354 

1 .2161? 

ZBU 

233 

HUL 

MOUL  TON 

IB 

ME 

0 . 6050? 

1 . 18320 

ZBU 

234 

BOS 

BOSTON 

20 

MA 

0. 23932 

1.23926 

ZBU 

235 

CON 

CONCOPP 

28 

NM 

0. 25406 

1.24294 

ZBU 

236 

LEB 

LEBANON 

20 

NH 

0.26145 

1.2619? 

ZBU 

23? 

rrv 

itjNTPt  i  IEP 

44 

VT 

0.22150 

1 . 26648 

ZBU 

238 

UCA 

UTICA 

31 

NY 

O. 25302 

1.31520 

ZBU 

239 

GEL 

GLENS  CALLS 

31 

NY 

0 . 25646 

1.28423 

ZBU 

240 

MSS 

MASSENA 

31 

NY 

0.28426 

1 . 30632 

ZBU 

241 

At.  1 

LIATl  R  1  OUN 

31 

NS 

0 , t 6  *  29 

1 . 32684 

ZBU 

242 

El  M 

1  1  MIRA 

31 

NY 

0.2.3582 

1 . 34204 

ZNY 

2  43 

CH| 

CHI  •  >d. 0 

12 

IL 

0.23154 

1 .54019 

ZAU 

244 

REP 

ROlkCiiRP 

12 

IL 

0.23652 

1 .55445 

ZAU 

245 

C1P 

CEDAR  RuP IPS 

14 

IA 

0.23103 

1 . 60O62 

ZAU 

246 

B»L 

BURL  1 NO TON 

14 

IA 

0.211B0 

1 .59043 

ZAU 

247 

GRB 

GREEN  BAY 

4H 

Ul 

0.22646 

1.53816 

ZAU 

246 
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TABLE  F. 2-2 

SAMPLE  DEMAND  FILE 

rr*i* 

0\!P  PJLO 

T  rc>  ’CF  9EN  •  or 

i-fcM*. 

Hi  »*jF  PILOT  v  ItF  ’FM-nD  b 

PILOT 

FS5 

PR  IFF 

tu'l't 

lit  C«IT> 

1 

4*3. 

3  ’.994 

4. 

3060 

i 

30 . 

i l*fO0 

4 

12. 

>*  .>7999 

5 

j* 

7  *999 

6 

s  , 

6  * 

30000 

1  • 

3 

10 

»6 . 

&.3«*99b 

1 1 

12 

13 

14 

10. 

6  ’*'^90 

15 

0*w? 

16 

17 

JO , 

18 

1  Ml, 

4  nC6 

19 

Sb. 

\  •  *94 

20 

5  3 , 

.  . » 

70. 

JO*  »*00 . 

22 

r  H3 

23 

Si, 

9-i/ 

24 

1  \ 

3  •  • 999 

25 

73. 

>  “9 1 

26 

34. 

2? 

19. 

28 

23, 

p~  n  v 

TABLE  F.2-3 


LINE  &  NODE  TYPES 


Line  Types 


TYPE  DESCRIPTION 

1  Central  Node  Drop.  Represents  communication  required 
to  Interconnect  DBP  to  Central  Weather  Facility. 

2  VRS  Data  Line.  Each  thirty-two  (32)  channels  of  VRS 
requires  one  1200  baud  line  back  to  the  DBP . 

3  Local  Voice  Line. 

4  Foreign  Exchange  (FX)  Line  via  TE1.PAK. 

5  FX  Line  via  AT&T. 

f>  Intrastate  WATS  (Wide-Area  Telephone  Service). 

7  Interstate  WATS. 

Node  Types 

TYPE  D  ES(]R  1 PT  ION 

1  Central  Node. 

2  DBP  Node.  Includes  both  Weather  Data  Base  Processor(s) 

and  VRS  Processor (s ) . 

3  VRS  Node.  Includes  VRS  Proc essor (s) . 

4  Remote  Demand.  Interconnected  by  some  form  of  long¬ 
distance  voice  line. 

5  Local  Demand.  Interconnected  by  Local  Voice  Line. 
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TABLE  F.2-4 


NETWORK  NODE  FILE 


L  .  1  ' 

> 

1/5  41,4  4 

41/4  : 

•  .  .  »•  16  -iV  <  !  44*  '»•  J  |  »  I  I»t'l 

177  1180  2 

1/8  3186  2 

li'">  ’ 

188  3188  2 

181  4186  t 

18/  3t««  2 

183  3188  2 

184  4183  4 

l«S  31P8  .? 

168  4168  4 

18/  4I8S  4 
18?  3168  ? 

•»W  i-i  86.194883 
195  414  «(>»•, 

I9u  31 9380: 

19/  3193  ? 

O')  3J95  2 

19)  4196  4 

•  9»  -..‘i-  i  ,'M  l:  • .  i>i*3  ■  1988 

■*«rt  4.  >6 1  i 

6|  Vi5  2 
>  V  4/8 1  4 


NOTE:  SEE  FIGURE  F.2-1  FOR  FILE 
ORGANIZATION 


figcpc  F.2-1-  NrrwoRr  i'-Dr  rn.r  STRucnjpr 


o.s.tqu  -i.' t Kjri.  tilo.  It  oit,c  proJuces  !u<inOitu;j 
id  ntirvini  ncdos  aot  conne-cteJ  into  tn"  sysioi, 
lui licet.  (M.tat:.,  li.rinq  ii.tiu:,  wiU  t«»  lu» ,  Cr.cc 
a  U'twoCK  fi’.  a  .is  c»*«- n  ui-sed  ty  t  b  pr*  F  c  set  ss  or, 
tht  i  u  10  need  to  t>-pcocf a.;  it.  *nus,  tuo 
11  t  coot  ;.scr  PlOV.dCS  an  ClliciOLt  l*thOd  t  J  pi..,ir. 
..  tv>rK:  :cr  p  locution  runs  o£  the  so*  I. 


'Q  lil  *  tils 

his  t.l  t*.l  1  j  th*’  tod.  1  prnqraa  th-  picticuiuu  ot 
■  i  •>  :•  in.  '  .•«*  :  i  1  include*  dtttilti  ;  j*  rut  a t  1 
rlottir.q  sr«-ci f  ica t  ions,  inroititicn  atout  «  lien  foni 
ot  ou'rit  to  include  jr  vhioh  to  suppn  di..i  shich 
lit-  t  i  !  w  i»  tec  ti  L  r  use  1  tor  th«  »:>1el  cun.  rn„ 
•-■o'  i  r  oi  £ii  i  i h  io  1.2  ' . 


.o.  *  Hlv  jUca  -Sicl  2  Hi  £11 1£ 

”o,U  1  outnu*  i  i*  i. tided  into  tuj  nil  c.ifjgori  is: 
irjuhic.il  tiers  aul  tatjlat  la»a. 


•  r  uph  i.- 1 1  list  ; 

“ h  t lotting  'uroticn  has  been  dtsiqnel  to  be  very 

virsitll'.  h*  ro’el  tcntiol  ,-il«  -.prcilies  all 

ra  i  *  .  -j  1  \ ,  s  s:  t  h  <  plctttnq  totiat  including  titi", 
..tv  i»  c(  .  j;  it-i ,  colors  oi  various  no  It  lint  r 
cc  Hi  hatch  inJ  otlect  till  soles,  an  1  d'-aand 

sir.  ,  1 1 1  v  1 1  >.  ich  node  is  represented  I- y  <i  circl- 
■  not  ;.w.  vac  let.  hctvrci.  an  upuec  ail  loser  lieit 

accord  in  t  itaaid  .it  tnat  ticdt.  h  c  m- rarefy  ot 

interconnect*  I  nodes  is  r<  t  c%  s^t.ttd  by  iir.es  vhich  toy 
I**-  .it  a 2 *•  i 1 1> c - i  low!  1*  lines,  dotted,  dish*  !  or 
*:o!t.  ii.  »  ...  eaand  i.odt  r  (type  a)  arc  vertically 

or  ...  t .  it.rl.cl,  at.d  the  arid  »iy  .  *•  set  to  corpi>.  tely 
£ii*  th.  rod*  ru  le.  ?■>  nodes  (type  3|  arc  d*-sar.  1 
suf’i  according  *c  sct.ir.itc  urp.r  and  iov.  r  lints. 

h«  naan. I  rit  1  u  ret  cress  hatch  !,  hut  a  s?all*-i, 
inner  circle  is  rolid  filled  q:vini  Vt  *  nodes  th  • 
ipu*.  uanc  ct  in  anulue.  *ata  fa-.e  -roersser  nodes 

(tvtc  .)  ir*  terry  nrtrd  Iv  a  hori/oitilly 
cr  J  c-jd  site.!  1  ciicle.  Again,  sc  par  it.  li*it*.  f  oi 
..if  it  lulate  the  size  ct  the  cirri*  according  to 
devai  d.  ' h t  central  ncle  (tvre-  1)  is  represented  t  y  a 

honrontaiiv  cross  hatched  square  i(  it  is  present, 
iri.j  the  ccurs.  of  the*  stuly,  the  icdol  vis  set  to 

•  V.i  t!i  ciottir.:  ct  deaind  intonation.  “lots  of  th» 
vaiicus  r**nor<s  use  l  appear  in  ch<apt«*r  ",  Fidur-’s 
3.t.d  I  tc  •..u.'t  c,  Fiqnro  F.j  1  is  in  exaaple  j(  a 
r.ctvct*  Piet  will.  d'*and  circles  shovr.  \  lisrlay  of 
tn.  a.*.  f  a.;t  qround  a.ar  is  optionnl. 


r-i  ^ 


IGURF  F.3-1  -  VRS  COMMUNICATION  NETWORK  *1 


l  ueogtawn ical  output  ray  t«  geneiated  01.  either  tee- 
.oktrenix  4)  juries  of  displays  or  ci.  .»  ealcoap 
Plotter.  for  plotter  cuttut,  pen  change  ooaeands  alia* 
liffectnt  colors  cf  ink  to  te  used  fee  difioc^nt 
co»i>on«nts  of  the  plot.  dcca  use  of  tnu  nature  o  i  th* 
Jeviccs,  Calecap  Plotter  generated  output  locks  better 
tut  takes  longer  to  produce  •  t:iaa  ektroni* 
output. 


:aiyiu  ;jtj 

ibulat  output  is  icr.ccated  in  thit«  tables.  •  n-'j  •  it' 
tii«.  nod*  by  nod*  detailed  listin'),  the  t .31.  .>u»Jury, 
and  the  lino  soaaai  y.  "nt  node  by  node  detail  cct»air.:. 
one  lino  tor  each  code  in  the  netsork.  tot  that  line, 
the  listinu  shots  the  standard  1AA  i-  letter 
identification  tot  the-  aede,  the  intai.iui  «od»l  index 
tot  tno  node,  nol*  type  and  type  cl  cotrsunicatior  iin* 
to  the  n.axt  higher  nods  ir.  the  s)stu»,  a  .d  5  i*>tt*r  10 
toe  th  *  -ijit  hiqhe-r  node  (called  t  h  t  conttollir)  ro’.e). 

•  Iso  shosn  are  aggregate  dea.tnJ  foi  th-*  :.od*  not 
including  d*-a  »n*i  qcnrateu  tv  S'-parit  ,  subsidiary 
note..,  nuxte-r  ot  voico  lines  tequireu  it  the  .quit, 
:ubhet  of  voicu  lit.es  inquired  to  cosxunirute  uitl>  to> 
node's  conttcllinq  ..  ede,  aileage  per  line  tc  the 
controlling  node,  cc-t  pet  lit>e,  or.d,  finally  t  ital 
cost  tor  lims  r.  i  v  i  ng  this  node  f;o»  t!*-  ccnttolling 
uoU.  r*»e-  taqe  of  uetailed  output  arrears  ir  unit 
r.:  i. 

he  iir.t  puxauiv  -i.evo  th*  i  .tvoik  totals  let  ri»loi  ot 
lines,  total  «il«-4  je,  aru  total  costs.  hose  totals 
ire  troicn  dean  'y  line  •  vt*?.  A  lino  ,ii*«ity  ufp. sru 
in  ahic  *.  1  2, 

*«•  node  sutaiiv  tall  cont  ilrr  a  susaary  of  all  a j1« ' 
cv  *ypc.  ilac  rtintrtd  in  tuis  suanirv  is  tn*  'o'al 
uvstca  dm«r.  1  total  nuibet  o'  lines,  nuao*  t  >  kudos 
witn  coatutinj  iqUiK  nt,  ?nd  total  oystex 
•:c*-*ur. icaticn  root.  , n  e x a t p  1  c  art*. art  in  '■  i  b  1  F .  * 


•  4  ,boui<;sAvi/l-: 

‘  h*  lesiqn  cf  the  acdel  aakes  it  oathable  to  analysis 
ot  other  cctaocks.  h*.  possibility  o:  iltcrioq  th  > 

aolel  to  he  u  jun»ral  purpose  rotvoti  aneiviu  tocl  i. 
he  .  ;iq  1  n  *"st  iu  .  tc  1. 

h<  aotel  niu  tho  inherent  alility  to  ji  a  aor° 
couplet*  analysis  using  rod*  costirg  inforaation  .is 
veil  as  cdiiut.cuUca  coating,  'hi.,  feature  uao  not 
activated  previously  since  no  accuiate  cost  eatiiateu 
»«)  uviilalle.  This  teatuia  mil  ho  activated  to 
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TABLE  F.l-1  SAMPLE  NODE  DETAIL  LISTING 
.11  SIAflsMCs  P'n  P«a7,3  Att*2  *  Ml  »06 


Mt|t  l|»t(S)  rONsfcrtP  Ta  CD.lBl'LL  1*0  nMDE 


Zn‘  t  ■  »•!.» 

AOliDt  oA 1 * 

“!Lt  AGfc 

COST 

TfM  M. 

Milo 

11  ►  Li  •«. 

f’E“A’*l’  VOICE 

Ml. 

PFH 

PEP 

cost  ut 

1 

rtP< 

r»M  •>•»!<>' 

Lj'fS 

L 1  *  t.  5 

ll"» 

Li*-r 

U*l(S> 

t'A  > 

?•*» 

1 

4 

l*C  *• 

ia,o*3 

3 

b 

197.2b 

200, 4t 

1002.02 

M  U 

7<? 

• 

4 

f*C/ 

7  1  ,  a  7  7 

1 1 

1  1 

1*9,95 

193,94 

7 l 9b , J3 

•l^t 

7oi 

4 

7 

»*C  A 

34.  1J3 

* 

a 

230,  1  0 

211.09 

1 *4*. 4* 

n«t 

7io 

I 

4 

DC  A 

J4.  1*7 

7 

7 

204,99 

203,49 

1 Al*. 14 

na" 

/*.« 

1 

4 

PC  A 

«*<>.  la* 

77 

72 

721.99 

214.3* 

4770.73 

ECfi 

1 

4 

I'CA 

1 4.1b- 

3 

b 

177,99 

1*9.21 

94a. 19 

t  -s 

7-7 

4 

1 

DC' 

3*  ,  J 40 

4 

9 

734.12 

211.19 

2100.30 

**  I  r 

4 

4 

I’C* 

UI.U7 

ia 

la 

*7,09 

114.31 

21*4,21 

7-3 

1 

4 

DC  A 

34,920 

4 

• 

a9 , 40 

129.2b 

lolo.ol 

P*»t 

?*■« 

4 

1 

i»Ca 

111,1  70 

la 

1  a 

1 13,77 

132. *b 

744b. aa 

fill 

7-7 

1 

4 

UCA 

41.110 

7 

7 

*4,19 

1 17, 7J 

994,11 

■H 

7-  • 

t 

4 

I'CA 

794,923 

It 

11 

111,49 

130,47 

4a7o,94 

SHI 

7  H  0 

4 

4 

PC' 

4b.«7o 

* 

4 

»5, ll 

1  lb. 4* 

10*1. *5 

PC  A 

737,097 

77 

77 

1  *,00 

4*a ,  i’f> 

i>C» 

7a  7 

) 

7 

All. 

14H.OS7 

1*0 

9 

341.4b 

400,04 

74f)y,24 

$r  1 

779 

t 

4 

SEA 

33,420 

• 

P 

712.09 

220.90 

1 794.77 

"J* 

777 

4 

4 

SEA 

10.777 

1 

1 

*9, *9 

1 15. *0 

407,40 

HD* 

7  7  A 

4 

4 

S»  A 

4  4  ,  *a  7 

7 

7 

717. *7 

721.07 

1347,49 

Ok* 

7  »« 

1 

4 

St  A 

l3.«7o 

b 

b 

142.37 

199,99 

*41.43 

roi 

777 

( 

4 

St  A 

1  7»>  ,4*  7 

?c 

2v 

140,49 

197.77 

1133.44 

P  |  •! 

777 

4 

4 

0l 

2  7 , 3  2o 

a 

• 

794,24 

759,39 

1937.13 

ir-* 

77  t 

1 

4 

SPA 

71.7)7 

a 

9 

1 11 .29 

197.13 

972.97 

►  A  1 

77  ' 

4 

4 

.St  A 

J“.to3 

7 

7 

9*  ,  1  2 

142.91 

100C.13 

**Ll 

7a** 

1 

1 

St  A 

il  .*17 

7 

7 

*4.29 

117.21 

990,47 

*L" 

7-  ■ 

4 

1 

St  ■ 

61.147 

9 

9 

714,01 

210.14 

1*41,21 

mr 

7b7 

t 

4 

5*  f 

70.  *'»3 

b 

9 

2*4.01 

230,74 

1304,41 

run 

7  7  a 

4 

I 

St  / 

-.770 

1 

1 

79.49 

l*,00 

34,00 

St  A 

1  **.3*7 

7 1 

71 

19,00 

179,00 

st.» 

7  1* 

) 

7 

Sl-C 

994,747 

1  09 

4 

491,17 

497.00 

1947,94 

n-i 

?a* 

4 

4 

SI  c 

4.744 

1 

1 

737,09 

219.09 

709,2* 

R«* 

?«« 

4 

4 

SU 

7U.4SO 

a 

9 

190,91 

174,11 

1079,97 

1.  An 

7a) 

1 

4 

Si  l 

|P."o7 

b 

b 

12*. *4 

277,11 

12*9,33 

10* 

7-7 

1 

4 

sic 

44, 1|1 

7 

7 

19*. 99 

199,34 

1 199,79 

►  r  l 

7-  » 

4 

4 

SLC 

41 , JS7 

7 

7 

lb  1.0b 

174,77 

1271.14 

n  >1 

75  7 

4 

4 

S'  c 

39,773 

9 

9 

790.4* 

234,4* 

224o. 11 

•  n>. 

7-  7 

4 

4 

sic 

71 ,447 

a 

9 

loo. bo 

790.29 

13*1,74 

5*1* 

791 

4 

4 

SLC 

7-.P70 

9 

9 

774,09 

102,49 

1*17,71 

•*$P 

7a  1 

4 

4 

r.tt 

7P.7J7 

b 

9 

111.49 

191.42 

9*0.33 

La  T 

7-o 

1 

4 

t»vt 

9.2«2 

1 

1 

94,04 

140,34 

421 .92 

r  r* 

73* 

1 

4 

C.Tt 

4 ,  ■  a  7 

2 

2 

9o,*a 

1 1* , 7o 

277,40 

i  »•* 

7  —  7 

4 

4 

r.tr 

17.447 

b 

b 

110.99 

191,7* 

909,92 

77‘ 

4 

4 

UTt 

4.157 

1 

1 

1 I*.l9 

194,93 

491,99 

Pi' 

733 

4 

4 

07 1 

14.100 

b 

3 

119.12 

134.91 

772.39 

■LA 

77’ 

4 

4 

GTE 

11 . 140 

7 

7 

799,99 

241,9 2 

1992,71 

*11. 

70 

4 

4 

GTt 

44.037 

• 

9 

177,39 

199,00 

1911,99 

C.Tt 

1*.340 

7 

7 

19, 00 

t?a,oO 

r.r» 

7-a 

1 

7 

SLC 

147.440 

4b 

2 

491.79 

194,97 

709,93 

r-ii 


TABLE  F. 3-2 


LINE  SUMMARY 

t  ypf s  or  uits 


TUTAL 

TOTAL 

TOTAL 

LINE 

no,  or 

MILEAGE 

Cusr  ron 

Ti.PL 

lines 

or  LINES 

LINE  TYPE 

t 

1 

157ft, 9J 

18,00 

1 

101 

6t*ftft.22 

44588,41 

3 

?<)  3 

15«03,5J 

3054.00 

4 

23ft» 

442211,0ft 

4ft0 1 30,41 

A 

7 

785,10 

I2A0.87 

ft 

0 

0,00 

0.00 

1 

0 

0,00 

0.00 

LOCAL 

53» 

9702.00 

TOTALS 

3J19 

522242.8$ 

$  1  4 J  39 ,ft9 

TABLE  F. 3-3 

W'TF  SUMMARY 

■  m — — 

1  YPlS 

or  *PDES 

'<oo»: 

no,  or 

TYPE 

NUDtS 

1 

i 

2 

i 

3 

19 

4 

248 

5 

24 

no,  or 

aggregate  0 1 ** A N i ) 

TOTAL  NO, 

NODES  » I TH 

TOTAL  COST  or 

(IN  SY.4T»> 

or  Lisrs 

EOUlpNf  »<T 

CO-nonICATION 

32ft9fe,44 

1219 

21 

514339. ftf 

iucteast'  thi  model's  utility  and  accuracy. 

R v  use  at  soic  established  estimating  factors  and  othtt 
information  stored  internally  in  tho  model,  it  is 
POisUle  tc  greatly  enhance  the  node  summary  table. 
■»  he  r.tarced  t  al>lt  me  i  Id  rrevide  statistics  in  terms  or 
numtors  or  V  f-  computer*  and  :ata  Processors.  in 
addition,  tail  sort  and  tail  safe  alternatives  mould  b> 
suaBirized.  ;nc  costing  algorithm  mould  take  into 
account  both  node  and  line  cost  to  provide  system 
ground  total  estimates. 

advanced  interactive  graphic*  installation  is 
available  at  ,CC.  'his  installation  mill  be  used  to 
allow  a  designer  tc  mate  tary  refinements  tc  a  network 
and  see  immediately  the  ettect  of  such  changes.  in 
this  fashion,  an  optimal  network  design  coul  1  ho 
generated  very  quickly.  The  interactive  graphics 
feature  mill  he  very  usuiul  in  the  development  of  a 
national  V  C  r  ■(.  la  me  nt  at  ion  plan. 
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APPENMX  C  -  COMPUTER  DATA  SUMMARIES 


These  computer  summaries  were  Initially  based  upon  a  101 
maintenance  rate.  The  20t  maintenance  figures  can  be 
calculated  by  multiplying  the  total  equipment  cost  estimates 
by  1.5  and  adding  common lcat ton  costs. 


SUMMARY  STATISTICS  T  CH  1  906  ,  RB  »2  .  S  .  A  Ml  »6 , 1 1  L  P  A*  ,  2  VRS  U  C  0  P 


NO.  COMM.  LINES  :  291* 
NO.  SYSTEM  MILES  :  1626*00.30 
TOTAL  SYSTEM  DEMAND  :  21636.01 


NO.  COMH.  LINES  :  3219 
NO.  SYSTEM  HUES  :  522292.89 
TOTAL  SYSTEM  OEMANC  :  22696.99 


V 


AD-A075  306  TRANSPORTATION  SYSTEMS  CENTER  CAMBRIDGE  MA  F/G  17/2 

NATIONAL  VOICE  RESPONSE  SYSTEM  (VRS)  IMPLEMENTATION  PLAN  ALTERN— ETC(U) 
JUL  79  M  MEDEIROS  »  I  ENGLANDER  »  H  GLYNN 
UNCLASSIFIED  TSC-FAA-79-15  FAA-RD-79-85  NL 
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3  op  3 

AO 

AO  7 6 306 

Ifej 

!  Hi* 

r  ^ 

k 

L=. _ 

i 

END 

DATE 

F 11  MID 

II  19 

ooc 

NC.  COMM.  LINES  2  3173 
NO.  SYSTEM  MILES  t  362217.70 
TOTAL  SYSTEM  OEMAND  2  22696. 99 
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MO.  COMM.  LINES  t  3219 
NO.  SYSTEM  MILES  *  522242.89 
TOTAL  SYSTEM  OEMAND  t  22694.99 


NO.  CONN.  LINES  *  313* 
NO.  SYSTEM  MILES  i  475904.33 
TOTAL  SYSTEM  OEMANO  J  22496.99 
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NO.  COMM.  LINES  :  245 1 
NO.  SYSTEM  MILES  :  293121.25 
TCT AL  SYSTEM  DEMAND  :  22696.99 


NO.  COMM.  LINES  :  38  70 

NO.  SYSTEM  MILES  :  431075.77 

TOTAL  SYSTEM  DEMANO  :  ?2 646.99 


NC.  COM*.  LINES  i  52 8 
NC.  SYSTEM  MILES  :  63978.75 
TOTAL  SYSTEM  OEMANO  l  9991.26 
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NO.  COMM.  LINES  :  438 
NO.  SYSTE*  MILES  :  49945.57 
TCTAl  SYSTEM  OEMANO  :  3108.94 


